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ABSTRACT 


The sampling increment in horizontal spacing for a 
range-dependent environment was studied with respect to 
accurate prediction of propagation loss through a 
frontal system. A transmission loss model was verified 
by comparing its predictions with experimental data 
when the sampling increment was very small. A study of 
the effect of altering the sampling increment produced 
a maximum 1) 15101 ΜΠΕΗ retained a reasonable 
agreement with the prediction TOR very small 
imerementation. Sensitivity studies were performed at 


three source depths to determine depth dependency. 
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I. INTRODUCTION 


The commander at sea is required to have tne most 
up-to-date environmental Informa two available to 
enhance his use of ASW performance prediction systems. 
Accurate environmental information enables the acoustic 
models in the ASW system to accurately predict the 
propagation track of acoustic energy and thus allow 
optimum deployment of acoustic sensors. 

Transmission loss models require environmental data 
as input. The more accurate the environmental input, 
the more accurate 11: Simular ron Of JacousUle 
propagation will be. This study is concerned with the 
trade-off between predictive accuracy and accuracy of: 
the environmental input to an acoustic model. 

Environmental inputs to an acoustic model consist 
of representations of the speed of sound profiles, 
bottom 1൧൬0൭111. 11111012 17107 and sea surface 
roughness as functions of space. This study will be 
concerned with the required spacing in range of the 
speed of sound profiles. Sound-speed profile data exist 
in the form of climatoloSy 1115151155 2701-14 η 
on-scene XBT (Expendable Bathythermograph) and  XSV 
(Expendable Velocimeter ) readings. On-board ASW 


acoustic ΠΤ; systems currently use range- 


independent acoustic models. These models accept only 
one SSP (sound speed profile), a flat ocean bottom, and 
a cole bottom | description. The next level of 
sophistication of acoustic modelling 15 range 
dependency. Range-dependent models require realization 
"ΠΠ “environment as a function of range. The goal of 
thus study is to contribute ο the support of range- 
dependent models. 

Systems now available cannot provide on-board, 
real-time information that the operational commander 
can use in complex ocean environments. Usually, data 
collected by platforms are sent to a shore-based 
facility to be entered into a model which is then run 
and the results transmitted back. During this interval, 
the tactical situation can change significantly. What 
ls —— P" is a method of performing these 
calculations on board and in a timely fashion. The next 
generation of platform systems should provide this 
capability, in-situ. 

Range-dependent modelling requires a considerable 
amount of input data. One method of supplying such data 
is ocean dynamic modelling. It is planned to combine 
maturing  teehmolozgies into a system that, will 
1101051517 produce information for use in tactical 
scenario models. (See Fig, 1.) Data from in-situ and 


remote sensors will be fed into dynamic ocean models 


which will then produce information used in acoustic 
models and then into Lacks UOMO SLI 
general question pertinence ats ru USE 
determination of the amount of information τοπ μα 
from the ocean dynamicmmodelsmw The question is TaM Droad 
one; this study examines one specific aspect of the 
general environmental question. What is the maximum 
spacing in the horizontal sound speed field that can 


Yield an acceptably accurate acoustic field? 


in-situ/remote sensors 
environmental data 


dynamic ocean models | How much of this de 
we need 


acceptable error 
tactical scenario to be able to use 
models these accurately? 


Figure 1. Combining Matning Technologies 


Turret acoustic “performance prediction systems, 
such as ICAPS (Integrated Carrier Acoustic Prediction 
System) and SIMAS (Sonar In-Situ Mode Assessment 
System), incorporate the range-independent model 
RAYMODE. As the systems are upgraded, a new generation 
of software will include the range-dependent models. 
This requires a more detailed environmental data base 
than we now have. 

specifically, we must Know what is the cost in 
acoustic predictive accuracy if we go to larger and 
larger spacings in the sound speed field, both 
πα zon ally and vertically (vertical resolution is not 
the subject Om this study). Tactical cost, computer 
memory and execution time are Key factors, but also 
because use of such models is scenario dependent. Each 
scenario may require different spatial resolutions. A 
resolution too fine is a waste of valuable resources; a 
resolution not fine enough may affect tactical 
operations. 

Once the problem had been defined, a procedure was 
needed to solve the problem. Because this study 
concerned the extraction of environmental data for the 
purpose of predicting acoustic performance, it was 
essential to find an environment suitable for use. 

In determining what was important in horizontal 


spacing, an environment was chosen that would describe 


E 


a worst-case scenario. Sharp gradients found in large 
oceanic frontal systems (e.g. the Gulf Stream) pose 
unique problems, as well as require a more exacting 
description of the environment. Such an environment was 
found in the Gulf Stream Frontal Experiment (GSFE, Ref. 
1). In addition to the experiment being carried out in 
a frontal region, acoustic data were simultaneously 
obtained which were valuable in the model verification 
(see Chapter Three). 

Once an environment was chosen, the IFDPE (Implicit 
Finite Difference Parabolic Equation) Model (Ref. 2) 
was chosen for the horizontal spatial requirement 
study. IFDPE satifies several requirements: 1) it is 
range-dependent, 2) it does not have any limitations on 
the amount of environmental data (other than machine 
limitations) input, 3) it has a good reputation for 
handling complex environments, and 4) it produces a 
full simulation of the acoustic fieWa@™at all depths am 
ranges. 

Finally, a procedure was established to complete 
the mechanics of the study in the form of computer 
program execution and analysis. The history of the 
IFDPE model had shown its utility and accuracy, but 
this was verified to ensure it was the "right tool for 
the job". Input files were established (more detail in 


Chapters Two and Four) and executed based upon a 


10 


uniform range spacing and using the 2 km resolution as 
a baseline. 

This report breaks down into further chapters with 
accompanying appendices. Chapter Two details the 
history of the IFDPE model and why it was the model of 
choice for this study. Chapter Three details the 
verification of the model. Chapter Four details the 
interpolation of SSPs required, the candidate range 
spacings chosen for program SB τος. and the 
graphical output from the model. It also covers in 
detail the IFDPE input runstream and the sensitivity 
studies that were performed. Chapter Five analyzes the 
results of the statistical output of transmission loss 
difference graphs based upon criteria arbitrarily 
established by the authors. Chapter Six gives a brief 
വിനെ to the study, inviting areas for further 


research. 
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II. BACKGROUND AND DEVELOPMENT OF IFDPE 


Most current operational acoustic models used are 
range independent and cannot adequately describe the 
acoustic fierd. 

Some models, such as Critical Angle PE (Parabolic 
Equation), PAREQ (Ref. ^5, 4), and IFDPE are range 
dependent. Critical Angle PE does not handle bottom 
interaction well (it is Door em 5 bottom bounce 
conditions); PAREQ handles bottom interaction well but 
not as well as 11111: IFDPE deals well with bottom 
interactions. More recently, other models such as RAREQ 
(Range Refraction  Parabolic Equation) and the wide- 
angle IFDPE range dependent models have been developed 
(Ref. 5; 6). 

Determining the path and strength of an acoustic 
signal requires solving the wave equation or an 
approximation to it. One of the easier approaches to an 
approximate solution is the parabolic equation 


approximation. 


A. THE PARABOLIC EQUATION 
The parabolic equation approximation is derived Dy 
assuming an acoustic pressure പിവി. 


frequency. This reduces the wave equation to the time 


12 


1 ὑσσασπυ HelmnoltzZ equation. Assuming cylindrical 
symmetry, applying some range restrictions, and 
assuming that the variation of sound speed profile and 
bottom properties are sufficiently gradual, reduce the 
Helmholtz equation to a parabolic wave equation (Ref. 
Ty: 

The parabolic approximation 15 equivalent to 
neglecting backscattering since the values for small r 
(range) are not dependent upon the subsequent values 
Seueimed for larger r (Ref. 7). 

solutions to this parabolic equation may be found 
by incrementally increasing range ("stepping out the 
range solution") and solving because now "the entire 
acoustic field does not need to be solved for all 
relevant ranges and depths 'simultaneously' subject to 
boundary conditions on a surface surrounding the volume 
Bl sinverest" (Ref. 7). 

One of the limitations of the simpler PE model is 
that the source angle is restricted to +/- 20 degrees, 
after which the approximation breaks down. This is a 
narrow beam width, and energy passing out of this angle 
cxt accounted for. Extensions CH tne PE allow for 
+/- 40 degrees but are presently not implemented in 
operational TL models. 

Àn early solution to the parabolic equation, 


tsa Dy Tappert and Hardin, was the  split-step 


í ° 


Fast Fourier Transfer algorithm. This method is fast 
and accurate when the field interacts only weakly with 
the ocean bottom. It is less accurate when the field 
reacts strongly with the bottom; it has difficulty 
handling density or sound speed differences between two 
media (Ref. 2). The latter difficulty can be overcome 


but only with very long computer ee ecugs oman E 


B. IFDPE MODEL 

In 1975; the Crank-Nicholson implicit finite 
difference (IFD) method for solving the parabolic 
equation was introduced by Lee and  Papadakis. An IFD 
method was chosen over an explicit finite difference 
solution because the IFD solution is unconditionally 
stable, consistent, and converges to the theoretical 
solution as the range and depth increments tend to m 
(Ref. 8). The IFDPE solution based upon the Crank- 
Nicholson method uses a second order central difference 
formula and places the problem in the form of a 
tridiagonal matrix. 

The model chosen for this acoustic study is the 
IFDPE (Implicit Finite Difference Parabolic Equation) 
Model (Ref. 2). The program was written in Fortran for 
use on the VAX-11/780 computer. 

Ihe IFDPE model used in this study is the wide- 


angle version (Ref. 9) which allows a beam angle of +/- 


14 


40 degrees and thus enable the user to generate output 
for near-field study. (However, energy still escapes 
from this beamwidth which cannot be accounted for and 
thus is a drawback to IFDPE.) Technically, this version 
is no longer in parabolic equation form, but a pseudo- 
partial differential equation. The acoustic modelling 
community uses the PE nomenclature for this model and 
this report adheres to this convention. 
The model can handle the following environments: 
1) range dependent/range independent 
2) shallow water/deep water 


3) shallow-to-deep water, deep-to-shallow water, or 
the combination 


IFDPE essentially solves the problem in layers: a 
water column underneath a pressure-release surface; a 
water-bottom interface: multiple layers in the bottom, 
and; an artificial acoustic basement (absorptive layer) 
overlying a pressure-release boundary. Both a pressure 
release surface boundary condition and a pressure 
release boundary condition at the greatest retained 
depth are required to terminate the solution within a 
finite depth interval. The basement attenuates the 
energy so chat iT നി suall when it 
encounters the bottom pressure release boundary. This 
ersures negligible spurious reflection back into the 


water column. 
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Each layer used in IFDPE contains an arbitrary 
sound speed structure (sound speed profiles provided by 
the user), constant density and constant attenuation. 

Once the layers are defined, a program known as 
SSPBT (developed by NORDA oceanographers) couples the 
geoacoustic bottom to the water column to produce an 
input format easily manageable for use in creating 


input files for 14:11 


C. SAMPLE IFDPE 11115 

Once the entire IFDPE input file is established 
(Chapter Four, Section A), the program is executed. 
Output is for all depths and ranges of the acoustic 
field. A sample grayscale plot is shown in Fig. 2. The 
darkest gray dot corresponds to a transmission loss of 
100 dB or greater, decreasing in 10% uniform levels to 
the lightest shade of gray which represents losses of 
50 dB or less. 

Some features of this graph are readily apparent: 
the relatively flat ocean bottom at 5000 m depth, the 
energy propagating into the sediment layers to a depth 
of about 7000 m, the first convergence zone between 50 
and 6@ km, and the ray paths the acoustic energy 
followed. Also notable are the very black triangles 
near the source (one at the surface at around 10 km, 


the other penetrating down into the sediment from 2510 


16 


km). These are areas where the acoustic energy could 
not be accounted for because of the source angle 
limitation in IFDPE. At larger range, this high angle 
energy would be greatly attenuated by πα τρις 
reflections from the bottom. Its absence thus does not 


significantly affect the sound field. 
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III. MODEL VERIFICATION 


TO ensure that the model used was appropriate for 
predicting acoustic propagation through the Gulf 
Stream, IFDPE was tested by comparing its predicted 
transmission loss with that measured from the 
NORDA/NUSC GSFE (Gulf Stream Frontal Experiment, Ref. 
1). GSFE did two things--it provided the environmental 
Gata the study required and the transmission loss 


valueswneeded for the computer model runs and analysis. 


EX. GSFE 

The purpose Of GFSE was to acquire an 
EmoMgEDntal/acoustic data set to evaluate the impact 
of the Gulf Stream frontal boundaries (North Wall and 
South Edge) on ASW/USW platform and weapons sonar 
systems performance. 

Two ships were used--one as a source platform 
(using a multi-frequency transducer assembly capable of 
transmitting signals at two frequencies 
simultaneously), the other as a receiving platform 
using a six-hydrophone 111551117൭: (Fig. 3). 
Four tracks were laid out--three travelling through the 
Gulf Stream; the fourth, south in the Sargasso Sea 


(ത്തും 4) 
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The source ship opened and closed range radially 
with the receiving array. It also conducted extensive 
XBT and XSV samplings of the various water masses. XBT 
drops from the receiving Vessel were Made 1111 r 
two hours and at least one  SST/SSP cast at each 
station. 

Only data generated Dy the S10 πο 1 His 
for the verification test for two reasons: 1) higher 
frequencies require much longer program execution time 
(on the order of several hours on the VAX-780), and 2) 
if the model proved valid at 310 Hz, then it would also 
be valid at the lower frequency of LOU 2211-11“ 


study. 


B. VERIFICATION PROCEDURE 

The environmental data for the four tracks (SSPs 
and bathymetric profiles) were first merged to create 
four input files for  IFDPE program execution using 
OOPBT.  SSPET links the 59577511 1115117651 1 
Oceanographic data for the particular area of the North 
Atlantic being studied (Table 1). SSPBT merges the SSP 
at its specific bathymetric point with the ocean bottom 
to provide continuity with the titr elln a enste 
wave, i.e. it couples the geoacoustic Dbottom to the 
water column. Once the data were merged, each track 


profile was then run through the  IFDPE model. À plot 
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of transmission loss versus range was generated and 
compared to the measured TL plots provided by GSFE. 
Comparisons between model TL output and COPI 


environmental data are shown in Figures 5-8. 


E RESULTS 

The model fits the data well. The measured data 
EEc-uracted trom the GSFE Tb graphs and plotted on 
lc Sane axes as the TL values predicted by the model. 
Since the measured data were available only in graphic 
πι. “πε error was introduced, but it should not be 
significant. The GSFE data points fit well as is 


evident from a visual examination of each graph. 
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TABLE m 
GEOACOUSTIC BOTTOM MODEL 


DEPTH VELOCITY ATTENUATION DENSITY 
M M/SEC DB/HZ/KM G/CC 
0 1487 0045 1.50 
25 1519 0060 1.53 
50 1550 0075 1.57 
75 1581 0090 1.60 
100 1610 0110 a. 64 
125 1638 0120 1.67 
150 1665 0130 1.70 
175 1691 0140 1.73 
200 1716 0150 1.76 
250 1763 0170 1.81 
300 1805 0190 1.86 
350 1842 0195 1.90 
400 1874 0190 1.94 
500 1922 0160 1.99 
600 1952 0130 2.03 
800 2012 0130 2.16 
1000 2072 0130 2.16 
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IV. HORIZONTAL SPATIAL REQUIREMENT STUDY 


With verification complete, the resolution study 
began. However, some Pprepblemsm were ECneenivered 
immediately. ടും acc alse considerations dictated that 
111൫൩൦ track be used to perform the study. Track One 
mossehesene- because it-ran from the Slope Water into and 
through the Gulf Stream and entered the Sargasso Sea. 
It was also chosen because it presented the most 
complex sound speed field of the environments. The 
measured SSPs were not uniformly spaced in range, so 
ἵν had to be supplemented by a sound speed profile 
“«σιωοιαυΐοας routine €CF2ZELD, Appendix B, a part of 
RAYWAVE II, Ref. 10) to provide SSPs ae ant former ange 
ടട. SSPs were thus obtained at roughly two km 
intervals over the approximately 150% km range covered. 
There were 18 experimental  SSPs and an additional 49 
SSPs were interpolated (see Appendix C for a sampling 
of interpolated profiles). 

Pre careful examination of each SSP, ‘including 
νε interpolated, the North Wali of the Gulf Stream 


was determined to be at 25.9 km downrange from the 


first SSP. No sea surface temperature (SST) data were 
available, SO tbe “location of the North Wall was 
determined strictly from the  SSPs (Ref. 11). The 


profiles showed that the Gulf Stream’s South Edge was 
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not easily identifiable because it was not well- 
defined. However, it appeared to be at approximately 
77 km from the initial SSP taken and this was the value 
used (Ref. 11). 

For this Sues a 100 Hz source was placed at 
depths of 100 m, 500 m, and 1000 m. 

The candidate range spacings included executing 
IFDPE input files established at 2, 4, 6, 8, 1@, 20, 
50, and 60 km. A 2 km spacing was chosen as the 
baseline spacing for numerous reasons. First, the model 
requires large computer memory and any finer resolution 
would probably be (and, indeed was found to be) 
overkill. Second, the oceanography is not well known at 
any finer resolution. Third, only oceanographic models 
can support such a fine resolution. The spacings chosen 
for the 10-50 km range were for reasons of economy but 
had to include the 25 km range because this was the 
position of the North Wall of the Gulf Stream. It was 
necessary to keep the North Wall and the - first sound 
speed profile fixed so that errors would not be 
introduced because of their manipulation. Every 30 km 
was sampled to determine how the static data base would 
handle the horizontal requirement. Finally, a 60% km 
sample was chosen to simulate the Navy standard data 


base which is resolved to 0.5 degrees. 
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Once the SSPs needed were interpolated, they were 
combined with the original SSPs to form the first part 
of the input files required to run the  IFDPE model. 
Each input file was created using the Track One 
profiles at range spacings of 2, 4, 6, 8, 19, 20, 25, 
50, and 6@ km. In addition to the 2 km baseline, range 
spacings were obtained by deleting baseline sound speed 
profiles that occured between the desired spacings. For 
example, the 4 km sample was generated by deleting 
every other sound speed profile. Each sample was then 
processed according to the method established in the 
verification procedure. 

For each sample resolution chosen, the distances 
between successive profiles were not exact, as shown in 
Table 2. Table 2 lists the ideal sample distances 
versus the true average distance actually computed and 
Meca in the study. 

As the spacings were opened up (grosser 
resolution), it was critical that the field be produced 
on the same size grid (otherwise, TL differencing would 


not be possible). This indicated how well the field was 


resolved. In each input runstream (see below), 
therefore, depth and range grid spacing were kept 
constant. 


Each input file was executed to produce nine 


Acoustic fields. These fields were then used to create 
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grayscale and TL difference graphs (Appendix D). 
Bach output file was initially pre-processed by 
PREGRAY. PREGRAY averaged the intensities of the sound 
speed field over a given area. The area averaged can 
be found from the  PREGRAY log output file and is 
represented as a gray dot in the plots. Each gray dot 
represents the same averaged area only if the same type 
of plot (grayscale or TL difference) created was the 
same. In this case, each gray dot for grayscale plots 
represented an area 18m deep X 550m long and for 
transmission loss difference graphs, 9m deep X 245@m 
Long: 

Each grayscale graph was plotted with a minimum TL 
of 50 dB and a maximum TL of 100 dB and to a maximum 
depth of 5000 m. In each TL difference ΜΉ the 
maximum difference plotted between two samples was 
treated as no more than ten dB and the minimum 
difference (obviously) no less than zero dB. To 
generate each TL difference graph, the intensities were 
subtracted from the 2 km baseline sample; those 
differences were converted to transmission loss values. 
In this way, TL difference graphs were produced for 4, 
6, 8, 10, 20, 25, 50, and 60 km. For example, the 4 km 
sample was created by subtracting the 4 km intensities 
from the 2 km intensities values (Fiz: OLI IL 


difference graphs were plotted only to a depth of 1000 


D 


m, since instabilities generally show up in the upper 
1000. These figures were useful for qualitative but not 
for quantitative analysis. They were used primarily to 
qualitatively assess the horizontal spatial requirement 
needed, prior to more detailed quantitative analysis. 
Additionally, the TLDIF program tabulated the number of 
gray dots within a certain dB bin, arbitrarily defined 
by the program. Appendix E contains all the TL 
difference graphs. Histograms were then produced from 
these data. 

The above restrictions were applied in order to 
prevent the graphs from becoming "cluttered". These 
particular limits were chosen after experimentation 


with other values to produce uncluttered graphs. 


A.  IFDPE INPUT RUNSTREAM 
The input runstream is prepared in free format as 
follows: 
ചം, Dok, RA, ZA, N, ΙΗΝΚ, ITYPEB, ITYPES 
ο κ, DR: WDR, WDZ, PDR. PDZ, ISFLD, ISVP, IBPOT 


DE UD 


where 


FRQ = Frequency (Hz), a 100 Hz frequency was 


chosen as representative. 


ο 


ZS 


CO 


ISF 


RA 


LA 


source depth (m), 100 m was chosen for the 
validation and resolution 11511111 
1000 m were chosen for the sensitivity 
Ses 
= reference sound speed, a zero was chosen which 
sets the sound speed to the average sound 
speed in the layer. 
= starting field, a Gaussian starting field was 


assumed. 


horizontal range (m) from source depth to 
starting field; starting field was assumed to 


be the initial source range, i.e., 0.0. 


depth (m) of starting field at RA, 9900m. 


number of equispaced receivers in the starting 


field 53002 


IHNK = Hankel function flag, since starting field 


is Gaussian, IHNK is set to @. 


ITYPEB = type of bottom, @ sets the bottom type to 


ജി; 51515 1351111111 c 


ITYPES = type of surface, % sets the surface as a 


pressure release surface. 


RMAX = maximum range (m) of solution, for this 


DR 


WDR 


study, maximum range was 150,000 m. 
= range step (m) ൬൭൨൮15111൮ 


= range step (m) at which solúcion 171. 


on disk, ൭0൬൩൬. 
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WDZ = depth increment (m) at which solution is 


written on disk, Om. 


OR = range step (m) at which soPFütion is written, 
10,000m. 
PDZ = depth increment (m) at which solution is 


written, 4,000m. 
ECO TO don t print starting field. 


ΠΡ 


പ t print sound speed profile. 


BOT = ø, don't print bottom depths. 


A = 1.0 
B = 0.75 
Ste 
D = 0.25 
A, B, C, and D turn on the wide-angle option for 


The rest of the input runstream consists of the 
merged files including the water sound speed profiles, 
bottom bathymetry, and sound speed profile, density and 


attenuation for each bottom layer. 


Bee SENSITIVITY STUDIES 

Naren the IFDPE runs were made and a general idea 
of the resolution range was ascertained, two extra 
source depths were executed, to determine if the 
οστού spacing required was dependent upon source 


depth. The identical IFDPE input files for the 
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verification and resolution studies were used but the 
source depths were changed to 500 m for the first depth 
and 1000 m for the second depth. Input runs were made 
only for the o; 8, 10, and 20 km samples because the 
results indicated that the resolution required was 


approximately 8 km. 


C. HISTOGRAMS 

Figure 10 tabulates the percentage of transmission 
loss values that fall into a TL (dB) range for the 2 
and 4 km difference spacings at a 100 m source depth. 

Obviously, no TL values could be less than Zero. 
However, any TL values greater than 9.17 dB were put 
into the same bin. Bins in between Ø and 9.17 dB are 
delineated at 1.87, 2.92, 5.96, 5.0, 6.04, 7.908, Sie 
and 9.17 dB. For all the histograms of TL differenced 


values, see Appendix F. 
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V. RESULTS 


Table 3 shows the percent difference values that 
fall below 2.92 dB τος Ἱαριο ο ΤΙ; τα 11 pteus 
those TL percent differences versus range spacings. A 
cut-off of, 2.202 11: was chosen because tactical 
operations are most affected for TL differences of 5.0 
dB or more. These criteria are arbitrary and can be 
changed to suit the user's requirements. Table 4 shows 
the TL differences below 2.92 dB for the σα, 500. and 
1000 m source depths at each one's respective candidate 
spacings after TL dif erencine: 

Succinctly, the 100 m source depth requires an 
approximate horizontal spatial requirement of 8 km; the 
500 m source depth, 6 km, and; the 1000 m source depth, 
4 km. It is obvious that the horizontal spatial 


requirements are Source depth depende mke 
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TABLE 5 


PERCENT CRITERIA AND RANGE SPACING REQUIRED 


Percent Depth (m) 
100 500 1000 
9096 4 km n/a n/a 
80% 8 4 2 
mS 8-10 6 4 
TABLE 4 


RANGE SPACING AND PERCENT FOR ATL< 2.92 dB 


Range Depth (πι) 
Spacing (km) 
100 500 1000 
4 km 90.92% 
6 85.09 77.48 (2 00 
8 ΤΘ 92 70.74 οσμή 
10 T3602 67.94 പം 
20 ων ο 56.19 
25 656! 
20 55-02 
60 59.41 
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VI. CONCLUSIONS 


Other studies have attempted to answer the question 
this study posed: how does the data base have to be 
resolved tO Minimize transmission loss errors for 
range-dependent models? 

Daubin, Tappert, and Nghiem-Phu (Ref. 12) addressed 
the pertinent issue of the size of a data base— how 
large a data base is required? In a second study (Ref. 
EX hey discussed the accuracy of a data base (how 
accurate must it be? how accurate can it be?) 

211115 the results of this study, Daubin, Tappert, 
and Nghiem-Phu "πια “παν there "was no clearly 
discernible effect of source depth". This study clearly 
shows that there is a source depth dependency based 
Ue transmission loss percent. criteria chosen. 

Henrick (Ref. 14) argues that using single sound 
speed profiles for range intervals exceeding about 
every three km may produce errors and recommends 
ua 17:12 an interpolation routine. Such a routine 
was indeed necessary in this study to obtain additional 
pomudospbpeed profiles. This feature may be required in 
operational range-dependent acoustic propagation loss 
Models. 

erT obl ems reszardins the Environment needed in 
an operational range-dependent model need to be 
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addressed. What happens to the horizontal spacing 
required if the first sound speed ഇ: 51101: 1111 
relation to the North Wall of the Gulf Stream? Since 
sound speed is  temperature/salinity dependent, what 
happens to the spacing requirement because of seasonal 
changes? This study used data obtained in the winter; 
what if the same procedure were used for data obtained 
in the summer? Does it make a difference in the spacing 
required if the acoustic field were travelling from the 
warm waters of the Sargasso Sea into the cold waters of 
the Slope Water? What effect do multiple density 
discontinuities (eddies and fronts) have on the spacing 
required? 

Other questions to De answered” involves . 
resolution of the vertical spatial requirements and the 
need to resolve specific spacings through a froni ο. 
vertical question is more difficult to solve than that 
of the horizontal spatial needs, but efforts are 
underway to answer it. For horizontal spacings, maybe 
an 8 km resolution at 100 m source depth is not 
required through the enti r Bir ous. Perhaps, in the 
specific environment chosen here, 8 km is needed only 
to define acoustic transmission around the 11 
of the Gulf Stream but a grosser resolution is needed 


at the South Edge. 
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Wiese 12943 question also must be answered. How 
are these results (and others revolving around the 
general environment question) to be used in a tactical 
environment? in tactical scenario models? This is 
1990's technology. However, before that technology can 
be implemented, the fundamental oceanographic problems 


must be resolved first. 
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APPENDIX A 


GSFE EXPERIMENTAL DATA 


Enclosed are the data from the Gulf Stream Frontal 


Experiment used in this report. 
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BATHYMETRY PROFILE (in nm) TRACK TWO 


4731.9 


4732 
4733 


πο. 


4734 
4/35 


4735. 


4736 


Ἂ 


indicates ranges and depths interpol 


r o m wed m 


BATHYMETRY PROFILE (in nm) TRACK THREE 


RANGE DEPTH 
0.0 4959 
tO 4961 
EO 4363 
29 4964 
- | 4364 * 
4.0 4964 
ER 4964 
6.0 4962 
Toh 4960 
50 4957 
ο 4954 

EOLO 4951 

ച 4550 
Z 4949 

15.0 4950 

p / uev ἃ * 

14.0 4952 

ടം 4954 

50 4957 

7 20 4959 

5.0 ο ο 

Ba. O 4963 

0 4355 

Ei n0 4966 

ο 0 5; 

p.00 43963 

24.0 4970 

ps0 4972 

pe.0 4973 

Zo, 4975 

Ze, 9 4976 

5250 4976 

200 4976 

21.0 4376 

62.0 4975 

E220 4973 

34.0 ΝΘ 

25.0 4971 

ευ 4970 

5 0 4929 

E 5 4929 * 

Be. 0 4929 

99,0 4929 


CC aces randes and decths intergolatad due to bottom 


H 
ct 
þh 
(b 
HT, 


irregular 
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BATHYMETRY PROFILE (in nm) TRACK FOUR 


RANGE DEPTH 
τς i 44.0 4760 
. 45.0 4759 
2.0 4872 46.0 4759 
3.0 4870 46.5 4758 
4.0 46592 47.0 4757 
5.0 4868 47.9 4757 
6.0 4867 48.0 E 
OE 4866.5 x 49.0 4755 
7.0 4865 49.8 4754, 
8.0 soc 50.0 4754 
2-2 4862 51.0 4752 
10.0 4860 SL 3 1751. 
HS) 4827 52.0 4791 
12.0 Tes ff 52.7 4750. 
15.) I SEND 4750 
MED ലി 54.0 4750 
ts) Tes 55.0 4750 
16.0 ടം EE 4750 
by tas 2 6.0 4750 
iu 48350 27.0 4748 
ponet) 44 ELEM 4746 
2. υ 4844 58.6 4743.6 
ἢ 4357 5ο 0 dua 
ος. 0 4825 60.0 η 
23880 4815 61.0 4730 
233 2501.7 61.1 d c 
24.0 4804 62.0 4724 
25 0 4795 63.0 do 
28.5 4732 * 64 0 1702 
26.0 4789 5.0 2 
27.0 4786 65.6 4738. 
28.0 4784 66.0 4744 
29.0 4782 67.0 4753 
30 4780 A 0 STFS 
31.0 a: 68. 8 4784. 
32.0 QE 69.0 4787 
33.0 477 
a0 4773 
35.0 η (*) indicates ranges and aen s 
35.2 4770.6 x | f 
3 ϱ a ug interpolated due to bottom irreqular 
37.0 4767 
38.0 4766 
39.0 4755 
40.0 4763 
40.8 4762.2 k 
E 4752 
42.0 4761 
43.0 4760 
43.8 4760 κ 


20 


SOUND SPEED PROFILES TRACK ONE (empirical data) 


NOTE: Depth is in meters; sound speed is in meters/second 


RANGE 0.0 NM RANGE 2.8 NM 


51 


DEPTH SOUND SPEED DEPTH SOUND SPEED 
0.0 1515.3 070 15 Cemo 
10.0 15112 po) 151 5 
30.0 ΠΠ SOF © lS ler 
60.0 15189% 250 151555 
5.0 1514.4 po 1 s z 
25.0 1509.4 100.0 TS ee 
O5. 0 Pe Oso το ο 1507. 
R S.O 150575 1:20:20 15 VOR? 
ony 1505723 SOO 1504.0 
150.0 es 20020 1499.4 
0.9 Lae 250:0 1495-5 

20.0 juu. 290) 1489.6 
9.60 1488.9 300.0 105. 
2500. 0 1437.4 350. ὁ 1485.4 
2.0 1486.5 490.0 1482.6 
0.0 1432.6 450.0 1 
൮.) പ്‌ 480.0 lcu z2 
100.0 1435.0 ο 9 1480.0 
20.0 148-.6 540.0 1280.7 
480.0 Ico. 280.0 1480.2 
E20.0 1481.3 ടു 1480.8 
260.0 1480.3 2000. 0 1481.0 
600.0 1480.7 £500 146155 
259-0 1430.9 η 1481.8 
7060.0 1481.3 200.0 1483.0 
740.9 1481.2 ο ο 6 1484.2 
800.0 5 5 1483. 4 
300.0 1483.0 pm 155-50 
WOCO. O 1484.2 1 00.0 σα ο 
0.9 1485.4 1400.9 1482722 
90.0 pae. του Ὁ 17150 
1360.0 1488.0 1600.0 15ο. 
1400.0 1439.3 1800.0 pam 
5.0 Ds 7 2000.0 14397 3 
600.0 1492.1 ο 6 Ὁ 1506095 
൮.0 1494.3 കപ 1504.5 
2000.0 1493729 0: που 
2200.0 Le cs 590070 Dro 
2500.0 1504.5 4000.0 152062 
2000. 0 uie 2 1500.0 1523525 
2500.0 hoe 4885.0 1542.8 
4000.0 Poe oso 
4500.0 ουν 
4874.0 1542.6 


RANGE 5.7 NM 

SOUND 
1519. 
1518. 
1519. 
1520. 
1520. 
1510. 
1512. 
τει. 
1510. 
15907. 
1508. 
1502. 
1498. 
1492. 
1488. 
1486. 
1485. 
14228 
1482. 
1481. 
1481. 
1481. 
1481. 
1481. 
1482. 
nee 
1482. 
1433. 


IEE aed 
0. 0 

TORO 
250 
s 
ye) 
πο. 
120; 
130. 
νο». 
τσ. 
Ves. 
2,09. 
250. 
300. 
250 
JRO., 
410. 
420. 
480. 
FLO 
540. 
970.: 
600. 
σου. 
198. 
του. 
TS 
7010. 


OP COCOONS OES IS SOOO DSO SOD 


1000; 
1100. 
1290. 
PU. 
1400. 
13005 
Je oo, 
1200. 
2000. 
2 00. 
L500. 
EO 
2500. 
4000. 
4500. 
1552. 


OO CGO OOOO CO Oo SO 


1484. 
14895: 
1486. 
1488. 
1433. 
locom 
ld 35 
1434. 
1497. 
1509: 
1504. 
Lan 
151 °. 
15207 
159950 
1542. 


t2 UO Ul -4 -a L0 CÇ + f QJ OA O kE tO 0 Q QO k= Q lO O @ k= GO i= WM 


tjƏ O KÇ O t. U UI +O D r2 —J UL O -J 4» FJ O - O` 


RANGE 8.8 NM 
Dr rr Tri 


; 


52 


0.0 

220 
50.0 
60.0 
7530 
Se, 
s. 
SO. 
180. 
290. 
ο. 
250. 
390. 
350. 
380. 
400. 
440. 
460. 
SI DO, 
D. 
510. 
ov. 
Uo. 
T0., 
800. 
B870. 
Q O. 


(Oo Qo @' O O @ O @ ο ο ο ο ο ο ο ο ος 0 ©} 


1000. 
υπ οὐ 
ο. 
Ju. 
1400. 
L500, 
peu. 
ESO. 
2000. 
Or 
25300. 
3000. 
Seo). 
4000. 
4500. 
4852. 


Cc C59 CD) C) Co CD (OO (C QD OQ O €) 


SOUND 
15139. 
S20. 
15207 
19540. 
TTA 
1521: 
151 7 
1502. 
1507 
T5095 
15052 
15007 
1495. 
1490. 
1490. 
1488. 
1485. 
1485. 
1483. 
1482. 
1482. 
148529 
1430 
1482. 
1483: 
1483. 
1483. 
14895: 
1485. 
1487. 
1488. 
1490. 
14915 
1493. 
1435. 
1498. 
15017 
1305; 
1512: 
1519; 
1527: 
13535; 
1542. 


ഗര 
rÜ 
[τ 
[rj 
D 


bJ LO τι ρωσ ο QC E pg BJ E M O += XO tJ O: O C. GOO U QC OS -J Q > UI UJ FJ t9 2 O: G UL) Ul F2 Ul t= + 


RANGE 14.4 NM 


DEPTH 
uo 

25.0 
50.0 
n.o 
Bb 0 
5. 
150. 
Boo. 
ESO. 
EOD. 
950. 
400. 
450. 
200. 
EDO. 
600. 
ΘΕΟ. 
700. 
BU. 
800. 
EU. 
EO. 


- 


(eei κ «ο ορ C ο OO" OS a SO ee 


1200, 
IO. 


1200 


< ` x ° 


ης. 
1400. 
500. 
1500. 
1700, 
00. 
ZO OO. 
οὐ. 
255009, 
0. 
ου. 
4000. 
ιο. 
252. 


OOOO oO SSD AEC 


SOUND 

15735 
1934, 
1555. 
1525. 
1525 
TS. 
ο 
1512: 
15023; 
1505. 


1500: 


1496. 
14927. 


1463 


4623. 
1487. 
1486. 


1484. 
1484. 


14834. 
1433. 


1284. 
1485. 
Dco. 
1487. 
1438. 
1439. 
Ta 
Ja. 
1494. 


lupe. 
1498. 


bee 


στο. 
Ioue 
sre 


1227 
bess. 


1542. 


SPEED 


പ FEF tJ +e 


4: C92 O`) O) tS O) C (O O) i-: ,Ë i 05) Ui UO O => G Ç P O) E) C0 OY Ul -) Q1 PHNRP ON 


RANGE 15.3 NM 
DEPTH 


5η 


ο 

10.0 
39.0 
50.0 
75.0 
TOO. 
120. 
150. 
200. 
50. 
σι; 
E22 
400. 


A AN 


Σων. 
500. 
550. 
570; 
290 
550. 
T00: 
TOO 
νι; 
50 
SN 


C€ C 0 O00] C «0 C) (9 C). 0» cC c0 


55059 
ENE 
ου. 
F200, 
ILS 
1400. 
1500. 
lo O. 
του. 
1800. 
LIT 
ο, 
500. 
5000. 
S500, 
4000. 
4500. 
4852. 


Ole SO C2 oa oa 2 വ 


SOUND 
1534. 
1434. 
1534. 
15230. 
T529. 
1526. 
F522 
i6. 
1512. 
oS 
1503; 
Jo 
1498. 
1425. 
1490. 
1488. 
1487. 
1486: 
1485. 
1484. 
1484. 
1484. 
1484. 
1484. 
1484. 
1485. 
1486. 
1487. 
1488. 
1483. 
Ial. 
1492. 
1434. 
പയം 
DUE 
πο οἱ. 
1505. 


BELZ: 


1519 


ly 
σσ», 
1542. 


MORN mS + UC) O1 (fi kt— Ul «££ OD OY U) OY UJ Ul O» tt + t2 -4 C201 O O +.) O η ü) Q) + tJ OCO Q k F Q @ tJ O üU) 


; 
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"PPD DEPTH SOUND SPEED 
rus `. അ ο. 152573 
20.0 1534 5 25.0 1535.8 
40.0 1534.9 50.0 1526.0 
65.0 1535.5 75.0 153712 
80.0 1533.1 100.0 1532.6 
109 0 1526.3 115.0 1529.0 
125-0 1528.2 125.0 1528.9 
ο 1521.4 1500 1525.3 
200.0 151M) 1720 1517.6 
2°00 1508.8 185.0 519.8 
300.0 1505.0 200.0 1518.5 
330.0 15031 250.0 ο. 
340.0 1503.0 300.0 1507.2 
$00.0 1437.4 350.0 1504.7 
420.0 1496.0 400.0 1501.9 
440.0 1495.4 450.0 1498.5 
500.0 laos 510.0 1493.8 
ΕΞ ΠΠ 1489.2 540.0 1493.0 
600.0 1486.7 600.0 1488.5 
620.0 1485.8 640.0 1486.6 
640.0 1486.3 650.0 1486.8 
7002 1435.5 680.0 1485.4 
73090 1484.9 700.0 1485.4 
75 Cm 1485.0 730.0 1485.0 
2200 1484.4 780.0 asses 
850.0 1484.6 B00.0 1485.5 
200.0 1484.9 820.0 1485.7 
1000.0 1485.3 850.0 123572 
11000 1486.6 900.0 1485.6 
12009 1487.8 950.0 1485.6 
1300.0 1488.6 1000.0 1485.6 
1400.0 1489.8 റ 1486.6 
1500.90 1491.4 Je OD 1437.3 
1600.0 1432.5 1300.0 1489.1 
1700 1494.1 1400.0 1490.3 
1800.9 1495.5 1500.0 1491.8 
2000.0 1498.6 1600.0 1493.0 
2:2 0] σου 1700.0 1494.2 
2500.0 1505% 1800.0 1495.6 
3000.0 Ico 2000.0 1498.6 
3500.0 1519.2 2200-0 I 
4000.0 1527 2500.0 1505.4 
4500.0 1535.9 3000.0 1512.1 
4856.0 1542.3 3500.0 1519.2 
4000.0 Je 1 
4500.0 CES 
4864.0 co e 


RANGE 20.2 NM 


DEPTH 


0.0 

E5.0 
50.0 
75.0 
85.0 
100. 
125. 
E50. 
200. 
ESO. 
240. 
DEPO. 
200. 
5S0. 
400. 
450. 
39660. 
950, 
570. 
200. 
OTO. 
Oeo, 
30. 
SoU. 
p", 
p. 
510. 
E50. 
870. 
2D. 


EC പ്യാവം... 


το Sear CC 


Qe 


1990. 
1 14൫. 
I 200, 
15600. 
1400. 
ΘΟ, 
1. 
ος, 
5ου. 
2000. 
2200. 
DONO. 
3000. 
39500. 
4000. 
4500. 
4870.0 


οι ο ο οώοο οσο ο ο 


OQ 


SOUND 
1534. 
153257 
1535. 
1555» 
153567 
13267 
15 
15 ` 
15208 
151:. 
15 o: 
15137 
= 
15.5. 
TS 
1500F 
1497. 
1493. 
lc o. 


ക അ im 9 


AO FJ F2? ο» UJ O +J ο ου UJ) rt CO ο UD o αν ES un C 


D QO XO 4 r2 OY G) r2 O: FJ Ui tO CJ Ul Ul QO >J) Q? SQ UO 02 


- 


(D 0, 


0.0 
25D 
3070 
75.0 
1ο. 
125. 
155: 
200: 
20ο 
2 09. 
3200: 
50.: 
386. 
440. 
460. 
DIOE 


οτος” ee 


1000. 
110o: 
12007 
13500. 
1400. 
195007 
1600F 
17005 
18007 
2000: 
2200F 
29007 
3000. 
3900F 
4000. 
4300; 
4880. 
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EO OOD AS ADO ES SDD 


RANGE 26.0 NM 
BEET SOUND 
153537 
1536: 
153267 
13373 
15 ° 
1534. 


- -— 9 


Q ΓΕ UD (O tX +*1 CJ (fl VO > ω ο > O ο) ςο ζΩ 


-J (D HIS £2 E-2 E C0 OY — Q O -J (P UD -J 3 CO 4 | οὗ 


|= 


RANGE 31.3 NM 


DEPTH 
0.0 
pong 
5070 
75.0 
100. 
ο... 
35. 
t90; 
“ο 
259. 
220 
TT 
550 
400. 
450. 
"00. 
59. 
600. 
c 
700: 
7903 
BOW: 
900. 


OO ο OC OOO COC ο ο ο ο ο ο Cy 


O O C) 


ος 
IJ e 
12004 
| o Os 
1400. 
"ος. 
πο, 
1700. 
Τη; 
2000. 
zo. 
22007 
S000: 
3500. 
4000. 
4500. 
1392. 


ο ον ο ο SS a OS OOG O OICC 


SOUND 
15 6. 
νε. 
1536. 
ia Ese 
1537 
oo 
Is 87 
1522. 
peg 
pecu 
Jo 
1 ο. 


515 


SEE 
1508. 
19500605 
Pov 
T300: 
1436. 
1494. 
149i. 
1488. 
1486. 
1485. 
1496. 
1487. 
1488. 
1230. 
1491, 
14932. 
1494. 
lg. 
1498. 
Taos 
στο 
πο 
Hros 
27 
15 s. 
1543. 


[GP CO i— = Q O: O) t0 Ul -2 -1 = —) t3Ə O O OO (? 00 o U) 


ωι ο ο r7 BUNAN MON BUNN 


PEED 


56 


0.0 

Zo. 0 
50.0 
T50 
100. 
I 
ΠΕ 
pin 
220. 
Doo. 
2509; 
ο 
bus 
290. 
410. 
120. 
450. 
ος 
250. 
590; 
299% 
TOO; 
800. 
200. 


Soo co qooooqoood G S G oC ο ο ο 


TOTO 
lo. 
1100. 


oO, 


5ο, 
1400. 
15090 
1500. 
1 OO. 
1800; 
EUNDO 
£200 
Z500. 
3000. 
3500. 
4000. 
4500. 
4905. 


ο ος οσο C S D O O Co CoO ο 


RANGE 36.6 NM 
DEPTH SOUND 
13367 
T5367 
1536: 
153065 
ρε 
1537: 
155% 
1532: 
T521% 
1531% 
15227 
15233 


1 C 
+ — ക്ഷ്‌ 


1520. 
ΠΕ. 
ES is 
Bs Eos 
Peu 
15007 
1505. 
σος. 
"σου 
ΞΕ. 
14932. 
1439. 
1488. 
1489. 
1490. 
1491. 
1492. 
1493. 
14937 
1496. 
1497. 
qa 
15023; 
τους. 
1512; 
1512): 
1 27. 
J. 
i543. 


bJ !D r^ L9 4 4 G. O, i= O G) O 10 O t2 UI CD 110: OQ E, Q) O k= t) O +. >s q> E Un sI sI O) OY UD J) (0 >J UJ O tU) 


; 


RANGE 42.1 NM 


DEPTH 
0.0 

50.0 
p-.0 
BOO. 
IS. 
T50. 
170. 
I5. 
200. 
250. 
Doo. 
EDO. 
ES. 
340. 
400. 
450. 
500. 
550. 
ου. 
σου. 
650. 
120. 
ol 
780» 
840. 
906. 


COS SO Gana a Co (3 Q5 CO Se oe COT Co CO (Co 


WOOO . 
1100. 
F200. 
Πο. 
1400. 
0. 
1600. 
my OU. 
NSOO. 
2000. 
Z200. 
ES00. 
3000. 
2500. 
4000. 
4500. 
ESTO. 


ο Ὁ" ΟΞ". ΠΕ Ες ΟΕ (05 


SOUND 
ΞΕ 
POS 7 
' 
1 
1557. 
15332: 
1554. 
1524. 
5 
dd. 


lege 


— < ഡ്‌ è 


J 25. 


te 


1 522% 
1523: 
πο ο. 
δις. 
1514, 
στο. 
1515. 
12025 
J50 
1499, 
1498. 
1436. 
1494, 
1493. 
19950. 
1490. 
1490. 
1491. 
1492. 
1453, 
imm. 
1495. 
1497, 
1493. 
15 ο 
1506. 
1512. 
1519. 
το... 
Sa a. 
1543. 


POF MRM UJ 4 Y UO (9 CÓ OO Ot aD O O ο 21111220 C O Ë O. U O: (Rn £: Ú) O Ú) (2 tJ O +J O > = O ζω 


ου 


0.0 
25.0 
50.0 
80.0 
95.0 
au 
1 5. 
T50: 
EOS. 
155. 
200. 
250. 
το. 
3:007 
350. 
420. 
320. 
250 
690. 
ey Ue 
πο. 
180: 
810. 
529 
300: 
δα 


— Cu C C C ϱ ο οσο 


e 


ο ο ο ο ο ο ο 


Ου 
1070. 
WOO: 
aie. Or. 
του. 
lo O: 
T5090. 
13307 
1400. 
1500. 
1600. 
1700. 
1500, 
2000. 
2 00. 
00. 
3000. 
35005 
4000. 
4500. 
397 


ο ο ο ο ο ο ο ο Ge GO OC Geo eG CO COP CS CO CS 


RANGE 47.5 NM 
DEPTH SOUND 
1537. 
15372 
1587 
1538. 
1537. 
1538. 
1537. 
1534. 
1533. 
1532. 
1531. 
15277 
Jes 
1526. 
1524, 


1522 


J 1 
LOL 
τους 
LSC; 
laa. 
στου. 
1 5005 
145 7. 
പൂ 
14931. 
1492. 
14911 
1491. 
1490. 
1491. 
149]. 
ΤΠ]. 
1491. 
1492. 
1495. 
1495. 
1496. 
1497. 
1439, 
1502. 
1506. 
SSIS. 


1519 


-- 9 


s 
I= 552 
15412. 


E 


i- -0:U1c 0 O C @ tj Q> i—= Q> vO O ¿0 i—= @ Ú) O Un 


O` 'O F—2 LJ F2. UJ) ££ O3 G = O @ Q ¿O 10 Ov CO —) O +j OY vO tJ YOM Ue 


RANGE 58.7 NM 


RANGE 53.2 NM 
DEPTH SOUND SPEED 


58 


1 SOUNDI SPEED 

0.0 1535.8 0.0 1536.5 
5.0 153579 TOTO 157575 
35.0 1534.4 2 5. O 155620 
Ου 1534.6 S050 15 55. 
τ.» 15351 TOTO 1534.6 
10610 155515 LOOTO 1534.9 
Io 152670 aO ടട 
140.0 LS EM 15070 15 1 
150.0 1534.5 17020 1528.8 
ടട 1 3 156070 15257 
20070 1542655 2:5 040 TS Ze. 
23000 1527S lT ORO 152555 
0 152 31010 1252222 
3 2070 1524.6 340.0 15250 
400.0 1524.5 39070 19725057 
470.0 ൭ 5 420.0 122572 
oe IS 460.0 L222 
01 151 520m0 lore 
5550 15 ας 240.0 1275 7 
57:050 lS 5 ευ 1524.6 
ΠΡΟ Ὁ S. 61070 Vee 
νος 1590639 6.20510 15:5. 
800.0 159 S 050.0 ടട 
SD 1459.5 70070 Sree Z 
300 125 >. 7900 15 ο 
1000.0 1492.6 800.0 1510.4 
LORE 1491.0 870.0 1504.3 
ΙΙ 1490.9 പര്‍ 150. Ὦ 
1300.0 1491.9 BED ISU aL 
1400.0 Eius 1000.0 LSS 50 
15000 1493.8 110070 1496.5 
160059 1495.0 1200.0 143279 
17001 14357 120070 1492.0 
1800.0 ld om 1400.0 1492.4 
200028 1499.6 1500.0 1433.4 
2200.0 നി. 1600.0 1494.5 
2500 Ὁ 15063 Ἱτου ο 145515 
30090 ο 1η. 180970 1496.5 
350070 ച 08148, 1455 5 
4000.0 l52 m 5η 15055 
4500.0 1535.9 3000.0 Jen 
4939.0 1543.8 35085550 151922 

4000.0 15275 

4500.0 15ος 

4945.0 1544.0 


RANGE 63.8 NM 


DEPTH 
0.0 

25.0 
95.0 
a5. 0 
20. 0 
RENS. 
ESO. 
A. 
200. 
ZO. 
EO. 
4006. 
400. 
490. 
950. 
SU. 
oo. 
600. 
650. 
700. 
50. 
800. 
ERO, 
300. 


— O 


C C Co CO Q ο ο ο ο CI 


C 


eo 


0 


1000.0 
1100.0 
00.0 
1300. 
1400. 
#500. 
1600. 
E700. 
1800. 
2000. 
2500. 
2000. 
35500. 
4000. 
4500. 
4853. 


ο ο ο Oo Oe ο κο ο re C) 


SOUND 
1536. 
IN 
1 52. 
NS. 
E254, 
JL ue M 


1529 


യയ ക്തി ഴ്‌ 


INS. 
J s. 
Bod. 
1524. 
Boe. 
Se. 
525% 
1524. 


o2 


| 24. 
Bo: 
20, 
Pot. 
EOS S. 
ο. 
ISOC; 
INS 2. 
NC ee 
14234. 
INE Ls 
NIS. 
n c 
14953. 
11094. 
πο ο 
Jaoo, 
pre. 
Eus. 
1512. 
fo. 
bor. 


Πο 


— — യ ൽ 


1542. 


SPEED 


I^ 0 E t3 r= G) OY Ln UO (n £ 4 O D 00 Q QOO tO CO uQ tJ C L0) O + (0 O G: Ú iN tj Ui -J U! Ul O «10 - Ην 
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0.0 
10.0 
300 
5970 
μα ο 
πιο. 
150: 
207 
240. 
2930 
3207 
350. 
400. 
450. 
5207 
200 
συ. 
S20 
6507 
JO 
yeu 
800. 
850: 
οι 
κο. 
νο 


O G O O O G OO O O O G O G O S O O O O O O 


1 00: 
ιο 
1] 10. 
J SO: 
1259. 
1300; 
1400. 
1900. 
1600: 
tT 
1800, 
2000. 
2500. 
3000. 
3500. 
4000. 
4500. 
4958. 


OIO Oo OO Oo Gao oOo Co CO CO O O6 


RANGE 69.2 NM 
DEPTH SOUND 
1536. 
1536. 
1535. 
1534. 
1534. 
1534. 
1528. 
1525. 
1524. 
1523. 
1523. 
1523. 
1523. 


GA 


aw ക്ഷി T ° 


T525. 
"5. 
s. 
T529. 
1525; 
eee 
= W 
15i4. 
Ie. 
SOT 
SRS 
t202; 
UU. 
1496. 
1492. 
ECS 
149i. 
Jl 52 
1492. 
1495. 
1434. 
d s. 
1496. 
ΘΠ. 
1506. 
1512. 
PSI: 
5207. 
525% 
1544. 


SERED 


--ഥ--പ്--പഠഥഗ്പഥി..കഠയഥ-പഡിഥഗധാധ-വച്പപ്പാ-പാധഗ്ത്പഥനഥധപഠധഥഥനധധലള്‍ക DA U) 


SUUND SPEED PROFILES TRACK TWO 


NOTE: Depth is in meters; sound speed is in meters/second 


RANGE 0.0 NM RANGE 1.9 NM 


60 


DEPTH SOUND SPEED DEPTH SOUND SPEED 
E VOS 0.0 1522.3 
30. 1520.5 E 
58.0 15.21.5 ച was. 
75.0 1517.6 75.0 1516.8 
100.0 15155 100 0 1512 4 
"ος 0 1509.9 130.0 1508.6 
τυ 150 jas 1508.4 
EO 15100] 160.0 e 5.5 
2520 1498.7 200.0 1501.8 
259.0 1498.7 250.0 1498.5 
300.0 1495.6 | 196. 
357.0 1491.6 . ΝΠ : 
370.0 1491.5 359.0 ΠΕ 0 
401.0 1489.4 A a 
429.0 1487.6 450.0 1487.0 
442.0 1487.5 500.0 1484.8 
ec പ്‌ 540.0 1484.6 
484.0 1485, ο 60 πο 1491,9 
0 14 θά, ο 566.0 jn 
600.9 1422.2 700.0 1481.9 
ο ο, Ὁ 1432.0 720.0 τοι. 
700.0 1482.4 750.0 1482.0 
800.0 1482.6 800.0 1482.6 
300.0 1483.3 B50.0 1482.8 
1000.0 1484.1 900.0 1483.3 
τοσο 1485.1 1000.9 1484.1] 
J 00.0 1436.4 πο... 1485 1 
1300.0 1487.9 1200.0 1486.4 
1400.0 1489.2 1300.0 1487.9 
ISDN 1490.7 1σαο. 9 1489.2 
1600.0 1491.9 1500.0 1430.7 
1800.0 1434.9 1600.0 1491.9 
2000.0 1497.8 του "5. 
220070 150074 1800 0 1494 8 
2500.0 1504.6 2000.0 1497.8 
νυ Tg 2200.0 1500.4 
3560.0 1520.0 04. 

3900. ><. 2500.0 1504.6 
3000.0 1511.3 
3500.0 1519.0 
4000.0 1526.9 
4170.0 1530.0 


RANGE 4.1 NM 


IBEPTH 
0.0 

ED. O 
60.0 
> . 0 
EOS., 
mE. 
tS. 
5S. 
N55. 
205, 
240. 
TO. 
290 , 
SO. 
400. 
450. 
500. 
ESO. 
220. 
600. 
951). 
noe, 
v. 
Du. 
EEO. 
BO. 
“ο, 


τες" 


OOG O 


1000. 
WOO. 
ο. 
£200. 
1400. 
1200. 
1500. 
00, 
1800. 
2090 . 
2200. 
2500. 
2000. 
200. 
4000. 
4680. 


O O OGOGO C) το ο ο ο eC. oa Oe 


SOUND 


SPEER 


1572.4 


1522. 
1323. 
2520. 
13512. 
1512. 
1508. 
1506. 
1506. 
1565. 
1598. 
1498. 
1496. 
1452. 
1450. 
1487. 
1455. 
1487. 
1482. 
14851. 
പ 
13452. 


IN C; P O` += (O C) Q UE OY >) ,- O O t2 Q` O P= tJ I > Ον 


t— UD) O ü O: P OO C ,E- O O) LO O Q O h O D H 
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0.0 
0 
2050 
ο 0 
9570 
3070 
ο 
po. 
150. 
175. 
200. 
50. 
300, 
340. 
400. 
440. 
460. 
500. 
S50. 
S70. 
ΕΠ; 
640. 
670. 
7100F 
196. 
300. 
ο. 
300. 
SS 


< r (>) (> (> (>, QD CO (D €» ο οσο CO QOO ο ο ο ο do 


10900. 
ll O. 
1200; 
13007 
1400. 
15007 
16007 
1700 
1800. 
2000. 
22007 
Z300: 
3000. 
S500. 
4000. 
A 713% 


ec 0 0 ECC C) ο ο ο ο O O 


RANGE 5.8 NM 
ΟΕΕ ΠΠ 


SOUND SPEED 
1527: 
15277; 
1522. 
' 
1323. 
1514. 
1514. 
15907. 
1506. 
1505. 
15093 
peo. 
1496. 
1493. 
1490. 
1488. 
1487. 
1486. 
i485. 
1482. 
14252. 
1432. 
1482. 
1482. 
1482. 
1483. 
1483. 
1484. 
1484. 
1434. 
1485. 
1486. 
1488. 
1489. 
ου. 
pou 
1295. 
1495. 
1497. 
1 00; 
ος 
Tol). 
1515. 
15:6. 
σος, 


-J u5 QO UJ O1 i OD O 6 4D OT ULU QO OQ G F: LJ O CO 4 CO O» Ul - QD E20 SP COO EJ bJ OD O 0 tJ GJ tJ +) Ñ U Un —) tJ (J On CA 


RANGE 8.8 NM 


DEPTH 
0.0 

1 0 
200 
E>. 0 
40.0 
59-0 
652 0 
00.0 
100. 
EE. 
T29; 
150. 
ടം 
219. 
220. 
250; 
300. 
2350, 
400. 
450. 
200. 
2207 
στο. 
euo. 
σος 
660. 
700. 
750; 
290 
20107 


COG SO SS OOS OOO C$ Ὁ ος GS CS 


1000. 
11007 
ου 
13007 
1400. 
T500: 
"οσο 
T00. 
2000. 
2200. 
ടം 
3000. 
35005 
4000. 
4587. 


oo COS C @ @ @ Gr @ @ G 6 O Oo 


SOUND 


പ 


195290 


1528. 
15 0. 
152 ον, 
1922. 
23. 
Fo °. 
15 1. 
J 11. 
150986: 
JE ensis 
1-0. 
T503. 
1500. 
J 09. 
1498. 
1435. 
J: 2. 
1488. 
1486. 
1482. 
1432. 
1482. 
1482. 
DELE 
1481. 
1482. 
1482. 
1482. 
1435. 
1434. 
14835. 
1486. 
1437: 
1488. 
1490. 
L491 
1494. 
1497. 
τος 
1504. 
1511 


lom 
τες. 


dm v át 


15377 


a O O` bJ [F9 Ul Ui > COD (O Un O) Un C). C) CO CO CO 


Ul xD CQ UJ O^ .P» OD UI t9 UID UME BOR OY RP OW br WM CO d re 
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0.0 
VOTO 
40.0 
ο 
65-0 
80.0 
100. 


Soor 


DCE OCOC O 2 Gee ee GO @ © CoG eG GO CG 


1000. 
IP 
1z00. 
J (O 
1400. 
1500. 
600. 
1700. 
1500. 
2000. 
200. 
500. 
2000. 
πο. 
TOODE 
4681. 


Se Gao OO OOO OO Gao O0 


RANGE 14.4 NM 
DEPTH SOUND 
he Zo 
13297 
13227 
15227 
15232 
1524. 
1514. 
15097 
ISI 
15071 
1504. 
15022 
1499. 
1496. 
1496. 
1455. 
1491. 
1430. 
1488. 
1488. 
141867 
1484. 
1482. 
1492. 
1482. 
1482. 
1482. 
1482. 
1482. 
1483. 
1484. 
1485. 
1486. 
13567: 
1488. 
1490. 
1491. 
1492. 
1494. 
1497. 
1500 
1504. 
Tor 
J 1 o 
UE EM 
Pon 


SPEED 


tJ D O (J O) ,- CD UT LO t9. Un (O Un iË: 4E. UJ UO (P. BJ UJ. = U > (D Ul C2) E2 (6 Ul Un S B9 8) O1 09 CO O: O) OD) P. O O D CD 4 +J 


RANGE 19.0 NM 


DEPTH 
0.0 

20.0 
40.0 
99.0 
75.0 
NES, 
IN Z5. 
140. 
145. 
I. 
200. 
230. 
300. 
250. 
290. 
400. 
450. 
470. 
480. 
BO. 
600. 
550. 
EO. 
DN, 
800. 
900 


Co ο ο DEED CSSD SD A ο ο ο 


"000. 
NL OS, 
INNO , 
ΠΟ, 
1400. 
൫൮. 
NOUO. 
1800. 
2000. 
EE "SO. 
500. 
3000. 
3500. 
4000. 
i206. 


O OFO ο ο CQ ον ο C9 C) CO ορ O 


SOUND 
1555. 
1525. 
J5 7. 
1524. 
1926. 
T2 I. 
117. 
1515. 
MESE. 
1512. 
De 
1903. 
νοῦ. 
ΠΚΕ. 
1291. 
1491. 
1489. 
1488. 
IUSS. 
1484. 
1434. 
TNI. 
1482. 
1481. 
14182. 
1483. 
1484. 
1485. 
1486. 
ISP. 
1459. 
1490. 
sls 
1494. 
1497. 
1500. 
1303, 
1511; 
Ioue. 
1555. 
1540. 


.O P +. £ O O4 UD o £D tj P) rS O3 OO > O Oi 4 Ul D ED C9 CO F9 -J U) Ut ο 


Q xD O UJ O.P» CO €D0 (O O CJ t 


P 
|] 


; 169 


0.0 

235950 
50.0 
ΠΟ. Ὁ 
80.0 
LOO 
110: 
qs 
140. 
EE 
200. 
2590. 
300; 
3307 
340. 
400. 
430. 
450. 
SUC 
540. 
ee 
6202 
650. 
690. 
τος, 
7007 
800. 
860. 
880. 
SSMUS 
QE 


Oo OO COO COC OO COCO O0 ος «000 0c OO 


10207 
1100. 
1200. 
13007 
1400. 
σου 
1600. 
πο. 
1500: 
2000 
22005 
2500F 
SOT 
29500; 
4000. 
4694, 


OO OO COO OOO O O Oo CX Que 


RANGE 23.4 NM 
DEPTH SOUND 


1550. 


SI ο GR O9 E94 CO -1 t2 «0 O (O , N (P (ω > b Ü? 


£ (O C uU) O) . 00 CD Ul CO O» CO r5 ¿O ,E tJ ΕΕ C0 OO FP. (0 OV OO U) r.) (OD 


H | 


> rp 


al 


RANGE 27.4 NM 


PERTH 
0.0 

25.0 
200 
75.0 
195, 
IES. 
125. 
του, 
1 5. 
200: 
220: 
ου. 
2n 
370, 
550. 
360. 
370. 
400. 
450. 
S00. 
S50. 
600. 
Ss Ue 
ο ο. 
ο 
740. 
600. 
300. 


ο ος. ο ο ο ο > O O rO O: O C O O S O O ο CO O 


FODOR 
1590. 
1200. 
1300: 
14060. 
d 
ντος. 
1500. 
2000. 
22007; 
2500. 
3000. 
23900. 
4000. 
TLS 


Ore CO OO OO SS a | Om 


SOUND 
1525. 
προς 
1534. 
ES. 
joo O. 
1524. 
1° 1. 
Iss. 
1502. 
roo: 
1505. 
1506. 
J Oo, 
1500. 
1499. 
1496. 
1496. 
1434. 
11 2. 
1429. 
1486. 
1425. 
1484. 
Io. 
1232. 
1482. 
1482. 
1485. 
1484. 
1485. 
pago. 
1488. 
1489. 
1430. 
1491. 
1494. 
1437., 
1500. 
1504. 
rovi. 
ΓΞ 
1526. 
τος, 


OD XO C UJ OY P (D CD CO O^ GJ i xD +> > Ë U C9. Ul CJ. QO O +) O) C tj, - 00 O O C p. 4 O un O b jo m oO un tn 


64 


ex 

32009 
60.0 
70.0 
90;0 
Jo 
L ros 
115: 
TE 
1253 
150. 
150€ 
1° °. 
240. 
250! 
300 
340. 
joe 
400. 
450. 
ου 
ONE 
മ 
ട 
6507 
OE; 
ΤΙ 
7505 
800. 
3200. 


0 
0 
0 
0 
0 


ο ο Ορος O O G O O O O C S c 


1000; 
1100: 
12007 
1300k 
1400. 
loo 
Lodo. 
18007 
2000. 
2200; 
2500. 
3000. 
3500: 
4000. 
4726. 


SOO OUI» OO Oo O O O O O O 


RANGE 29.2 NM 
DEP pri SOUND 
σος, 
1534. 
J5 5. 
1555. 
15 3: 
15:1 
15203 
19292 
151 
15 
1513. 
jn 


= 172 


TC ss 


1505. 
1555. 
1505. 
1499. 
1498. 
1496. 
14993. 
1430. 
i488. 
1486. 
1456. 
1485. 
1483. 
1484. 
145 
1483. 
1484. 
Tae 
1486. 
1487. 
1488. 
1490. 
1] 951. 
1492. 
1495. 
1498. 
1501: 
L505 
ο. 
1515. 
τσ... 
1540. 


C F? tJ E? 4 UJ O* Ul O: t9 O x0 O1 -) O1 I2 O UJ rS O! rt» Ul P 09 (P O O .F- (9 δν UJ Ul CO IP UJ BJ - 9 GJ) Un J O pP പഥ 


RANGE 31.9 NM RANGE 33.4 NM 


; 
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DEPTH SOUND SPEED DEPTH SOUND 
0.0 1534.5 0.0 1534. 
25.0 1534. 8 25. 0 1555. 
50.0 1535.1 SIE 15297 
90.0 1536.3 750 1] 
5.0 1528051 EIE 155 
I0. 0 1529795 17520 1520 
1 5.0 1519.4 140.0 Jo 
2600.0 1] 145.0 Loge 
250.0 ISSA 170.9 1524. 
2870.0 1507.6 175.0 15242 
200. 0 15906 200.0 15207 
3250.0 1501.6 250.0 1514. 
400.0 οσο ενα Ὁ 1910F 
440.0 1495.3 51050 15705 
450.0 Ios E 350.0 1506: 
590.0 1472.9 400.0 150. 
540.0 1490. 7 450.0 1497. 
600.0 1488.2 470.0 j'ai 
650.0 1486. 3 490.0 1155. 
EDO. O 1484.7 ο ο 1492. 
760.9 143322 pon 1490 
E30. 0 1483.4 60.0 1490 
800.0 1483.0 650.9 1438 
850.0 1483.4 ooo 1485 
200.0 1334.1 του Ὁ 1485 
250.0 1484.6 800.0 1484 
00.0 145-6 850.0 1484 
IR OO. O 1486.7 900.0 1485 
200.0 1487.6 EO. 0 1485 
0.0 1488.29 00.0 1487 
1400.0 1490.0 1200.0 1488 
00.0 1431.2 12000 1489 
1600.0 pr i 1400.0 1490 
1709.0 1493.3 150070 Tao 
1500.0 1435.5 1600.0 1293 
2000.0 1498.6 1500.0 1496 
2000.0 19915 2000-0 1498 
2500.0 1905-4 2200.0 1501 
3000.0 151 3Ἡ 500.0 T505 
2 00.0 151 - 3000.0 jJ 1. 
4000.0 1529051 3500.0 (eus 
732.0 1540.1 4000.0 1927 

J 733.0 1540 


— πω - PWD ,= UD UI LJ QO tJ O0 Q b Ui I7 àO U i= lai be 


Ul —) LJ μμ O Ú 0) O` L) O t P P 4 (| OD UI F2 UJ WH 


RANGE 35.6 NM 


BEETH 
0.0 

Z5. 0 
0 
79:0 
ο. ο 
HS; 
150; 
1⁄5. 
200, 
2507 
SO 
SoU 
340. 
400. 
450. 
500. 
οσο, 
600. 
650. 
700. 
poU 


830. 
380. 
7007 
S SD. 
T000. 
PEO 
T7 00S 
pou 
1400. 
dO Ou: 
Fev 
13500; 


ZOO 


2500 
2500. 
3000. 
3500. 
40006. 
4730. 


ധാരാ Ὁ Ὁ πε (5 


ce 


> €> ο ο CO 


OO Ceo OOo OC Co SCID ODO 


SOUND 
1534. 
15395: 
15258 
15352 
15367 
1531. 
PoF 
152]. 
1524, 
Si se 
Jol 
is 


=a 4 


Sa 
SOS. 
1499. 
1495S. 
1493. 
1490. 
1489. 
1487. 
1485. 
1484. 
1484, 
1485. 
1485. 
1485. 
1485. 
1487. 
1488. 
1489. 
1490. 
1491. 
1493. 
1496. 
1498. 
15012 
1505. 


Io ES EJ P2 P UJ Oi j+ f (O UL LU OQ EJ OO E29 O t t— Ü ου — Q tJ OY O: O 0 OI] i> FR CG O OY E COD UI t ον 


TEED 


66 


11% SPEED PROPILES TRACK THREE 


NOTE: Depth is in meters; sound speed is in meters/second 


pos 0.0 NM ANGE 2.0 NM 


ο) 
~J 


DEPTH SOUND SPEED DEPTH SOUND SPEED 
(gero 15: -TB 0.0 1533.6 
Ze. 0) 1534.8 25.0 1533.9 
0 1534.4 50.0 [S322 
70.0 1532547 65.0 1534.4 
250 15 SmO ns) 153470 
100.0 1554.4 100.0 1533.8 
125.0 15 [20.0 ICE 
150.0 στο - Ἱ ο Ὁ 1520.2 
175.0 τι Ὁ 1577.5 
200.0 1959859 200.0 1525.7 
250.0 15Ο 5 ο Tze 
290.0 1524.6 290.0 1524.6 
Eu). 0 J 5 250.0 15227 
400.0 159m. 7 420.0 1524.9 
450.0 പിയ «τὸ ο 1565. 
το. "ο Suu.) “--.5 
490.0 Ic EU 1523.9 
Su. 0 1525.4 600.0 Sie 
600.0 1524 5 E 0.0 TS Oro 
650.0 cO NER 7 700.0 15.» 
T00. 0 15172 peo. ISS 
750. 0 tS PPS 800.0 Tse 
800.0 FSi Ὁ 550.0 1509.0 
860.0 psc 900.0 1504.7 
870.0 JSo r 1 959.0 IM eS 
900.0 να. ο 1000.9 1499.9 
LOGO . 0 1499.9 ND S0 D 1428.0 
που. 0 1495.5 1] Ὁ JE 
ΓΙ, Ὁ 145: 3 BSOA 1494.8 
ioe). 0 1492.9 E 00-9 Ic No 
1500.0 1493.1 157 30. 0 1495.0 
1400.0 1423.4 ου ὁ 1493.4 
1500.0 1494.4 1300.0 1493.1 
1609.0 1494.5 1490.0 1493.4 
T8500. 0 1496.7 του. Ὁ 1494.4 
2000.0 1499.6 L600. O Jj 1.5 
22100. 1 50252 1800.0 1496.7 
2500. 0 1506.4 2000.0 1499.7 
3000.0 1S Ὁ "00.0 dt 
2500.0 153€ ο vsu 1506.4 
4000.0 Ls SFE ουδ JS) G 
4500.0 τπτες 9 250 0740 1519.6 
4959.0 τι 4000.0 1527-3 

4500.0 1535.9 
4963.0 1544,2 


RANGE 3. 7 NM RANGE 13.7 NM 
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DEPTH SOUND SPEED DEPTH SOUND SPEED 
0.0 1533.7 0.0 15340 
29.0 1534.1 252-0 1534.4 
50,0 [534.3 5070 1534.7 
75.0 1534.8 80.0 155522 
90.0 σος, 3 90.0 1534.6 
ECS, Peo ooo 105970 1534.5 
ιο ὁ 1534.0 1570 1534.0 
TT σου. Ὁ 5.0 155559 
JS) de 2 tts 145.0 1529 8 
5 0 1528.6 T5020 Dco 
πο 1526.0 179.0 132 5 
25070 de c ο Ὁ o Zoe 
SOO 270 52255 2:90: 0 1524 
οσο. Ὁ ΤΙ 270.0 15259 
410.0 το 5.1 300.0 52515 
430.0 το Ὁ 390.0 15:55 
470.0 e su 420.0 155355 
SUO Ü pecus 450.0 15 S 
5500 Ru. 480.0 157 
600.0 5 τς STOLO 15250 89 
CU. d 1520 x4 0 τσ 
TOULO Ξε: DO. A ο, 
του Succ 5250.0 LSE 
800.0 ντ: "oou IS 
ο ο Ὁ 0 Ses 750. 0 Lol ME 
900.9 1505,4 8060.0 15 1a - 
910.0 ടട το. Ὁ 1ο. EN 
960.0 BS 3 2002 9 15078 
970.0 ] 2 350.0 IOS 
1060.0 1590.5 1000.0 1502 
1050.9 Lae ea TOO. O 1496.2 
വ 1496.2 J 00.0 1494.4 
Mec 1498S. οσο 0 1493.3 
Ευ 1494.4 പ 1492.0 
ου ο 1424.4 1400.9 14595 
D UN. I re "σου. Ὁ 1494.1 
1260.0 1493.3 1600.0 1494.6 
νυ 1492.0 ടു O 1496.7 
σοι ο 1492.3 2000.0 1439.0 
τα ο. Ὁ 1493.65 2200.0 1505. 4 
2500,0 1494.1 2500.0 1506.4 
1500.0 1494.65 2000.0 151276 
131: 1496.7 3500.0 1519.6 
209070 1499.6 So OO 152925 
220020 150274 4500.0 ls s 
2500.0 1506.4 4952.0 1544.0 
BOGOTO LSE S 

Se leac 
4000.0 5ου. 5 
4500.0 Ies 
4964.0 1544.2 


RANGE 20.0 NM RANGE 37.5 NM 


69 


DEFTH SOUND SPEED DEPTH SOUND SPEED 
0.0 1599.7 UC 1534.2 
25.0 1534.0 ESL 1594-5 
90.0 1534.3 500 1534.7 
80.0 1524.6 TOL 1594-8 
95.0 5 POOR 1535.0 
1050 1535.5 129520 155516 
110.0 159852 പ 15515 
J O O i See το το. 
IS 0:0 Ja S 2007 ട്‌ 
155.0 τν Ἱ ο ΟΙ σος. 
5 0 1526.4 270.9 1505 5 
200.0 1524.8 310.0 1525.1 
DE. x) 1524.0 3309 15 "> 
260.0 1924.1 390.0 1952 2 
200.0 lee ο 450.0 2 24 
550.0 പി. 50070 15752 
400.0 Jo 3 55070 15290 
450.9 Ess 600.0 1524.1 
500.0 psum 5 o5 OD 15. "m 
5.0 524.€ 7 0089 1957052 
600. 0 penu TED peo - 
το. 0 1° 800.9 151: 2 
oaQ0.9 lC 7 SS 1: τ 
OO. Q0 pene y 900.0 lS E 
του. 0 posso 6 2S 1] o mn. 
800.0 ΙΕ m 10005; LSC 
850.0 150p IOS 1499.8 
880.29 1508.1 τοῦ. 1497.1 
950.0 1554.7 | 19 1155. 
1000.9 1500.5 1 185 τ 1494.1 
I OO. 1425.2 το” 1493.6 
1200.0 1454. 4 ο ο. 1494.1 
1250.0 ee 5 το 3 1493.5 
0 ΚΗ വ) 1320 1493.8 
1450.9 183 ο 1400.0 1434.2 
5000 τι 15ο ὁ 1225 1 
i00. 9 1222.0 1600.0 1496.2 
1800.0 1496.7 180070 1497.7 
E000 1499.5 200020 1499.6 
90 1502.4 22080 1502.4 
2200.0 1506.4 250008 1506.4 
3000.9 TSS 3000) IE LES 
3500.9 See യ σι - -ᾱ 
4000.0 cs 4000.0 qe S 
4500.9 Loess. 9 4500.0 1535.9 
4965.0 see 2 4929.0 Be C 


SOUND SPEED PROFILES TRACK FOUR 


NOTE: Depth is in meters: sound speed is in meters/second 

RANGE 0.0 NM RANGE 6.2 NM 

DEFTH SOUND SPEED DERT SOUND SPEED 
0.0 155258 0.0 1524.0 
η 1533.3 25.0 1534.6 
50.0 1533.7 35.0 1534.83 
65.0 το. 40.0 1953409 
75.0 1523 3 60.0 19534.65 
10070 1519 - 75-0 cT 
12510 1528.0 100.0 525 
το "στ 8 12508 Tso 
J sm) 152520 jg σος 
20050 DET το ο 975 
2 DE) JS 5 ο. O EA 
η 15915. 240m T2222 
30079 155-.5 20020 τυ 
3 M) πρ 3 3900 he oe 
1066.0 lo ES ους 1524.2 
460.0 1952473 du DO 15246 
SIGN 523.5 530070 pu Ze 
55 2) 1555. ക 0 യ 
600. JS NE S00 Ὁ ച 
οσο JSI o) SEM 5 
7090.0 1515.0 Του. Ὦ ss 
του Ὁ 15150 75190 J 105) 
750.0 1511.4 600.0 του... 
810.0 1506.2 300.0 | 05.7 
351 151554 TODOS 1498.3 
300.0 1503.7 11%) 1494.2 
το. Ὁ 1498.3 12002550 1492.4 
io 1494.7 12555 guo 
ιτ οὐ Ὁ 1422.4 120070 1492.4 
Iu σοι 1400.9 1497.8 
τος 89 1492.41 σου ὁ πα ο B 
1400.0 1492.8 T E 1494.8 
του 1493.8 130070 1496.9 
160070 1494.8 200079 1199.5 
180070 1496.9 22000 1502.4 
LOOOTO 1499.6 ου 1506.4 
220020 1502.4 30/0 du 2s 
25000 1505. 350020 1519.6 
3000.0 TS o 4000.0 Pies 2 ee 
3500.0 1519.6 4° 070 1365.9 
4000.0 J5 7 ച σα es 
4500" 0 σος. 
πῃ ]J5 1 > 


70 


RANGE 17.0 NM 


71 


RANGE 23.3 NM 


DEPTH SOUND SPEED ΓΙ SOUND SPEED 
0.0 1533.8 0.0 1533.1 
35.0 1534.4 25.0 199989 
50.0 1533.8 20.0 1533.7 
75.0 1534.1 75.0 1531.7 
100.0 1530.2 100.0 1523.5 
125.0 1527.9 12270 15326-4 
UE. 6 1527.8 150.0 1524.7 
150.0 1526.6 175.0 1523.8 
180.0 1524.5 200.9 15 S72 
210.0 1524.0 2500 1523.6 
250.0 1523.7 300.0 See 
300.9 1523.7 400.0 1523.3 
350.0 1523.8 50.0 1523.1 
380.0 1523.93 500.0 1522.3 
410.0 J D 550.0 1520.8 
440.0 1523.9 600.0 1516.1 
490.0 523.7 650.0 1512.5 
550.0 πλ 7 700.0 1509.1 
600.0 1513.3 750.9 1505.7 
650.0 TSS gps 1501.2 
700.0 J EURO 1499.6 
750.0 1510.1 840.9 1499.9 
300.9 1552.9 900.0 1434.3 
BS0.J 1532.0 350.0 1492.0 
900.0 1498.1 1090.) 1489.9 
950.9 1426.2 1050.0 1489.7 
1000.0 1493.5 1100.9 1489.5 
[90,5 1491.0 1150.0 1489.4 
Wooo 1490.5 1200.0 1489.8 
EDO o 1432.0 1250.0 1490.3 
1400.0 1432.4 1300.0 1491.1 
0.0 1493.8 1400.0 1492.3 
1600.0 1494.8 1500.0 1493.8 
0.0) στ... 5 1) Ὁ 1494.8 
2000.9 1499.6 1800.6 1496.9 
mea) — 1502.3 2000.0 1499.6 
2800.9 1506.4 22000 1502.4 
3000.0 1512.6 2500.0 1506.4 
3500.0 1519.5 3000.0 1512.6 
000 1527.3 3500.9 1519.6 
4500.0 1535.9 4000.0 1527.3 
4852.0 1542.2 4500.0 1535.9 

4812.0 1541.5 


RANGE 25.5 NM 


DEPTH 
0.0 

Lowe 
20.0 
ον ο 
130 
νο, 
115. 
Io 
E50, 
175: 
τη. 
2208 
Zeer 
510. 
340. 
390, 
450. 
300r 
3907 
600. 
660. 
680. 
Toe 
800. 
030. 
ODE 


ο ο σος Co 02 €» Oo Co CDD €» (CCS 


Re» ΄ 7*9 


ον ൨. 


ος 
Tron: 
T2005 
1 
1400. 
αν ουσ. 
1600. 
T200 
AVC 
Be 
Zour 
SEC 
3500, 
4000. 
4500. 
4 52. 


ο κο ο ο e 


ο ερ το εν κ. 


ο ο ο CI 


SOUND 
1552. 
1555: 
15595 
cM 
L252 


1528. 
T5273 


ww 4 f 


15275 
J Asi 
1524. 


1522 


ο. -.- 9 


152). 


qs 


ος 
1320. 


1523 


w & — ° 


1522. 
το. 
LS ee 
icu 
1506., 
σος. 


- w - . 


ως) -4 t) (OQ & Ü t UJ Ë UO OY rz 69 r5 QO Oi 0 -J 6) ζωη 


LW WO HP DOWN CJ e Niu Nu N τὸ CO 


- 


τ 


12 


ο ο 

25.3 
50.0 
75.0 
30 9 
100. 
125: 
1503 
1755 
200. 
250: 
3002 
3507 
400. 
440. 
460. 
209 
SS 
GP 
6308 
1ου. 
1508 
G00. 
BOUM 
EID. 
Se 
339 
1030 


νο ον ον ον ο ο ο ον CO CX Co CO COL GO CS 


c 


A 


- 
e 


1 
11ος. 
11507 
1220F 
1240. 
1300F 
13607 
1 5 
1400. 
15/005 
1600. 
1800. 
2000. 
2200€ 
2500; 
3000: 
3900F 
4000. 
4500. 
$797 


eS OO a C) €» C9 ον ον CD C9 ο (G> = r> (ë> 


RANGE 32.0 NM 
DEPTH SOUND 
15327 
19599 
L555: 
15335 
1572795 
15235 
1926F 
1524. 
1 p 


15». 


ച mn 
1S 
19237 
1525 
1520: 
19207 
1. 3 


1513 


ISI 
LSU S 
τα S. 
1425. 
1451. 
14430, 
1488. 
1488, 
lOS 
1458. 
1438. 
1488. 
1489. 
1489. 
1430. 
1490. 
1490. 
1430. 


ക്ക ~v ജി ° 


uD «0 UJ) O Oh IR P$ ¿O O tJ LÀ Co oS LB £ bJ í Uu5 U UJ SNS 


; 


V) -J Go G @ —) OO D UJ EH Εν t9 UJ CO OY Ui I = YN PNWM 


Or 


U.) 


Bees, 35.2 NM RANGE 40.8 NM 


T3 


DEFTH SOUND SPEED DEPTH SOUND SPEED 
0.0 1532.8 020 1534.8 
5.0 152552 Ρο 1535772 
65.0 1533.6 20.0 1535.6 
74.0 1532.2 65.0 15 ore 
99.0 Tove πο ο 1532195 
125.0 1526.3 125.0 1525.0 
148.0 1524.5 e 
163.0 1523.5 200.0 TSZ ona? 
201.0 1523.0 250. 0 1521.6 
245.0 J NE: 300.0 Je IPT 
i .0 σος Ἡ 350.0 1570-2 
353.0 1522-2 400.0 1516.8 
398.0 EIE 450.0 ο ον 
450.0 1519.2 500.0 0599 
Boy. 0 1513.8 io 1 1095.3 
520.0 1510.6 610.0 1435.6 
535.0 1510.0 640.0 1494.4 
ടു 1506.5 πο ο 1491.0 
539,0 1501.8 770 1488. 4 
652.0 1498.2 820.0 1488.1 
690.0 Ir 860.0 1487.1 
050 1495.0 300.0 1486.5 
peo. 0 ο a 330.5 1485. 3 
798. 0 1489.8 960.0 1486.8 

E2.0 1488.3 NOD 1 
900.2 1487.0 1050.0 1487.3 
950.0 1486.8 1100.0 1498.0 
8590.0 1487.1 τ ΠΠ“ 
σα. 1488.) M MUI 
1200.0 1488.6 1200.0 - 1488.6 
1300.9 1489.6 1300.0 1489.6 
1.0 1490.4 1400.0 1490.4 
1500.0 1492.0 1500.0 1492.0 
1600.9 1493.1 κος ο 5: 
1260.9 1436.4 1800.0 1496.4 
2000.0 1499.5 2000.0 1199.6 
൮.) — 1502.4 _ NE 1: 
0.6 1506.4 2500.0 1506.4 
00.0 1512.6 νυ 1517.Ε 
B500.0 1519.6 3500.0 1519.6 
4000.0 527. 4000.0 ളു So 
00.09 1525.9 4500.0 1535.9 
4771.0 1540.8 4761.0 1540.6 


RANGE 43.8 NM RANGE 46.5 NM 
DEPTH SOUND SPEED DEPTH SOUND S 
0.0 1534.8 0.0 1534.2 
25.0 1535.3 25.0 1534.6 
50.0 1535.8 50.0 1535909 
650 5 2/5. 8 7550 1536 5 
100.0 1532. 8 85.0 1536.7 
125.0 1529.0 25.0 1533.2 
150.0 1526.2 100.0 1533.1 
175.0 1523.3 105.0 1532.6 
190.0 1525€ 11959 155253 
200.0 1522.1 1200 1529.5 
250.0 1520.6 12570 1529.5 
260.0 1526.4 150.0 1527.5 
280. 0 1520.4 175.0 1524.2 
300.0 1519.2 200.0 1521.4 
350.0 1515.2 240.0 1518.1 
38υ.0 1502.1 280.0 JOE 
420.0 1505.3 300.0 1508.8 
450.0 1502.1 350.0 1505.6 
500.0 1438.4 400.0 1501.4 
550.0 1493.7 450.0 1497.8 
580.0 1492.9 500.0 1494.2 
600.0 τ... 530.0 1127 
550.9 1488.4 Sà0.0 1492.8 
660.9 1437 600.0 Iie 
D 1487.4 650.0 1486.7 
730.0 1487.1 700.0 1485.1 
800.0 1486. 0 759.0 1485.7 
850.0 1485.5 800.0 1484.8 
900.0 1486.2 900.0 1485.4 
1090.0 പ pi 1000.0 1] 2 
110070 1488.0 1100 0 1456.5 
1200.0 {45555 1200.02 45 MES 
1300.0 1483.6 1300.0 1488.7 
1400.90 1490.4 1400.0 1489.7 
1500.0 1492.0 1500.0 1491.2 
നി 1600.0 1492.6 
1800.0 σσ 1800.0 1495.7 
2000.0 1499.6 2000.0 1499.6 
2200-0 130: 2200.0 1502.4 
2500.0 1506.4 2500.0 1506.4 
3000.0 “151 5 3000.0 1512.6 
3500.0 1519.6 3500.0 1519.6 
4000.0 151: 4000.0 1527.3 
4500.0 1535.2 4500.0 1535.9 
4761.0 1540.4 4758.0 1540.5 


74 


RANGE 47.9 NM 


DEPTH 
0. 0 

25.0 
B9. 0 


- ^ 


οσο 


ο 9 9 . . . ° 9 9 * ° ° oe ക φ φ 
പാസായ. οι αρ ο ο CO ο ο) OCOD 


1040. 
1070. 
BOO. 
t200. 
E00, 
1400. 
οὐ, 
] 00. 
F200. 
2000. 
2200. 
e500. 
BOO. 
5500. 
+000. 
4590. 
4757. 


OOS OO SO See area arm 


SOUND 
1523; 
1534. 
15552 
1555. 
lose 
1525: 
15:5. 
159425. 
15179 
L95055 
loup 
1° o 
150; 
log 
la 
peces 
14557 


w w 


149 
του. 
Id ne 
1495. 
1486. 
Laas. 
1404. 
1484. 
1484. 
1485. 
1436. 
14956. 
1486. 
1435. 
1486. 
1487. 
1488. 
1469. 


- κ. -- . 


Uf) (O I5 tJ IP UJ F9 -21 CO 


ιΩ Η» ΟἿ ΟἿ -1 - Οὐ 5 σι ςο t= Ww -Ὁ Ὁ) 


σα το ο ΤΠ ο ο ο ὧν 


| +J QO Un t) UJ tjO U £= (o ὢ) το 


പ 


; 


75 


070 

25 ο 
45.0 
“ο. 
85.0 
TOOS 
125: 
1507 
leo: 
180 
J 
VOID 
2905. 
309 
340. 
ചട; 
400. 
470. 
490. 
5207 
560. 
6208 
640. 
ലട: 


ο) 
Za ees 


JE 


€ ον Κο ο ο ουν ο ο ο ο ο 


C 


° o 


പര 


ക e 


ടയ യാ. 


c 


<> 


C 


RANGE 49.8 NM 
DEPTH SOUND 
Toss 
1534. 
1534. 
15 51: 
1534: 
ο. 
1575. 
151. 
15 í 
ls 
1510. 
1510. 
1507F 
Iste 
Isoue 
15 1 
1458. 
142 
pue 
1430. 
τα 0E 
1487. 
14837. 
1455. 
1434. 
1484. 
1384. 
1484. 
1434. 
1435. 
τάς. 
1485. 
1485. 
1436. 
1456. 
1458. 
lcu 
1420. 
1492. 
1495. 
1498. 
1501s 
150652 
loge 
151-. 
5S 2 
Los 


1540. 


Co LJ ^ t9 Dt HG > tJ tO OO OY O C. tG -j O 4» CO ρσ Ὀ Η ω πιο +J) U) 


(we bir & GO OF yf 


RANGE 51.3 NM RANGE 52.7 NM 
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DEFTH SOUND SPEED DEPTH SOUND SPEED 
0.0 153295 0.0 153074 
25.0 1533.0 Do 153085 
40.0 1531.9 35.0 1523.8 
55.0 1531.0 60.0 1530.2 
65.0 1530.9 75.0 1527.4 
85.0 1532.9 85.0 1530.0 
100.0 25247 100.0 ' oge 
5.0 157220 μ.ο n MS 
Ὁ S252 T2050 πο 7 
ο Sia Js m 1510 1: 
5.0 Donc 1650.0 DS Ἔ 
ος. ο τος 5 Ὁ 1510970 
200.0 1500m ο ὁ 15055 
250.0 1505.4 223750 TED ONE 
300.0 J5 3 300.0 ο 
Em 0 1498.7 3500.0 1497.7 
400.0 1495.4 400.0 1494.3 
440.9 1495.3 420.0 1494.3 
450.0 1464.5 450.0 σποτ. 5 
0.0 1490.0 5: 010 1489.0 
52070 1490.2 SS η 1488. 9 
560.9 1437.5 ക 7) 1488.1 
EO Ja y 600.0 Ete Seo 
50.0 σοι 650.0 LABS 
700.0 1484.5 TO 1434.5 
TAT CG 1183.9 T2070 1484.4 
σα 9 1434.2 Fst ῃ 1334.7 
810.0 1484.2 810.0 1484.5 
630-0 1484.4 830.0 1484.8 
870.0 1484.1 900.0 1495.2 
900.0 1434.4 1000.0 1485.4 
980.0 σας, 15) 1436.1 
POOO O 1435.1 ο ον 1435.7 
1050.0 1485.5 Ji 0 D 1486.8 
Jost D 1486.1 νο. 1487.7 
വ, 1485. του 3 1488.5 
dU 1438.9 1400.0 1489.7 
1400.0 1483.2 1500.0 DS 
150070 1490.5 1600.0 1492.4 
1600.0 1492.3 1800.0 1495.1 
1800.0 14957 2000.0 1498.0 
2000.0 1493.0 2200.0 501.3 
2500.0 SNO S 250099 1505.4 
2E00 20 15084 3000. 0 1512.1 
3000.9 P5] 9 350010 515.2 
3500.0 LS - 4000.0 റി 
4000.0 J 2 PW: 4500.0 στο 
4500.9 = - 4750.0 1540.4 
qu EE) jd mr 


RANGE 55.1 NM 


DEPTH 


400. 
450. 
SUD. 
SEU, 
500. 
ESO. 
SU. 
ZO. 
15ο. 
720. 
300. 
aco. 
200. 
550, 
99:) 


CJ ("CO കവര: 


100, 
IU. 
ΠΟ. 
ED. 
15969. 

E00. 
ESOU. 
1800. 
2000. 
28500. 
Dew). 
2000. 
S200. 
4000. 
4500. 
ae). 


Ç O 


oO SOOO TSA 


SOUND 
T9279, 
1525. 
15 5: 
1529: 
1522. 
150. 
qs lle 
5. 
rS ror 
ld 
Toe 
Ts 
J 0. 
IE. 
1498. 
1436. 
1492. 


= -~ — 9 


- - - 9 


ο.” © 


“POW +J 0 -1'0 


σα ο ~ CO 4 CO © O OO O1 


£ (O p t2 r= ,P CJ t) Ú P (9) 


At WA CO -J CO += O O Ul oO U G OQ) IS FE 22 


- 


; 
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0.0 


Ρ oe #@ e 8 ọọ ൭ ° LE o ο e ò @  @ ọọ Ó ν ο 9 
PCO ο κο τν τ, τ, αν ο ο αν ον ο ο ον κο ον ο οὗ, στο ον 


OG ο © 


COS ο ο ο ο Ore 


Co 


RANGe 58.6 NM 
ΡΕΕΤΗ SOUND 


1525. 


1325; 


15241: 


LS AOs 
13217 
πο ος 


15.41: 
τα. 


σι. 
155. 
1:5 Π.Ν 
1505. 
1501. 
]509 
1497. 
1493. 
1493. 
1490. 
1483. 
Isao: 
1486. 
1486. 
1484. 
1483. 
laor 
1485. 
1482. 
1462. 
12872. 
1482. 
1483. 
1484. 
1485. 
1485. 
1487. 
1483. 
1483, 


1491. 


=“ ~ - ° 


UL) οι ιο O U) QY £- O tJ O 


“hor GJ ο N UJ WOW E 4 O) Ú) 1 C E2 Ul - (D - UO W- EO Ul -J 09 Q d UJ Ë vO O +j) C0 @ Un U) 


` 


rÜ 
rrj 
tr) 
Ü] 


RANGE 61.1 NM 


DEPTH 
0.0 
20. 
45. 
CO. 
65. 
os 
80. 
roO. 
TOS: 
1 5. 
TCS. 
lr 
ΓΞ. 
200: 
ο. 
πο 
290. 
ο 
EE 
So 
400. 
ten. 
EIE 


E. 


600. 
65g. 
700. 
740. 
800. 
B50. 
900. 
950 


Ç O O ο Ὁ ο 


ο ο C οσο κο 5: 


~~, pam 


ΕΡΕ 


OGO D ον ο CIC x9 


ος 
ους. 
το 
jum 
1200. 
T5007 
1600. 
1800. 
ου. 
VDO. 
ZEQUE 
3000. 
35060. 
4000. 
4500. 
4729, 


G 


αν ο νο ο κ) ο ο ον εν ο ο Ὁ Ὁ 


SOUND 
1526F 
1527: 
1526. 
"σος. 
15252 
15217 
Jo 12 
π᾿ 
λος 
LST 
1595: 
1508 
Jos 
TD 
1504. 
1504. 
1498. 
14 7. 


a -” -» 09 


ub *O Q GJ O^ IP O to OY tJ οι) = Ü) t) O ο ο ο QC d» E9 Ul t^ F7 W&M OH L) C U 


Co r2 QO P» Un P OO COO CD -13 Ul t Q ζω 


e» 


78 


0.0 
27.0 
61.0 
69.0 
p 
2220 
101. 
Ü 
Fou. 
184. 
US 
Dau. 
249. 
ος. 
50% 
394, 
448. 
SUI. 
548. 


* * 8 
ορ ο ο ορ ο εν ο ο ο εν ο S C o C ον ο er © Ore 


Ὁ SO OC OO OOOO OO CO 0 


RANGE ©5.6 NM 
2270)3/24 Be SOUND 
TOU. 
1525. 
1513. 
1520: 
1516. 
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APPENDIX B 


CFIELD SOUND SPEED INTERPOLATION METHOD 


Sound speed profile interpolations were constructed 
using CFIELD; the particular version of CFIELD used for 
this study was established from Ref. 10, RAYWAVE II. 
RAYWAVE II is a long-range, low-frequency transmission 
loss model. Ray theory and wave theory are combined to 
obtain low-frequency transmission loss estimates. The 
initial intent of RAYWAVE was to address local 
environmental conditions, i.e. evaluate 1211-15: 1111 
manner the performance of a single array under very 
specific environmental conditions. Thus, RAYWAVE was 
ideal to use for interpolation of SSPs over the 
restricted environmental area this study was concerned 
with. 

The unique technique used is called the Triangular 
Sector Method (Ref. 10). It involves constructing 
triangle cross-sections from adjacent sound speed 
profile depth values (Figure B1). 

Two sound speed profiles, τοσα which the 
interpolation is to be implemented, are constructed 
from constant gradient segments. Interface depths are 
established as points on the gradient segments that are 
joined and then these "depths νο ο μυ ος E 


vertical line at sound speed protec tances 01111105 
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mm Figure B1 these line segments join to become the 
sides of triangles.) These points are connected across 
each profile to create a series of triangular sectors 
running trom the surface to the sea floor. 

Mice first triangle thus constructed is a right 
triangle--its vertex is at the profile having the 
greatest second interface depth, Or if “une second 
interface depths coincide, the vertex is placed on the 
profile with the greatest sound speed gradient. 

The other triangles, which generally are not right 
115155, ദ constructed differently. The vertices 
of the next triangles are placed at depths representing 
sound speed minima. Tis irae is a minimum, the 
triangle sides are selected to subtend the gradient 
LS C osest vote" gradient of the preceding 
triangle. To prevent extreme imbalance in triangle 
side slope, an additional algorithm is set up such that 
selected points on a profile may not extend below the 
next twol points on the adjacent profile. 

These triangles so generated are the basis for 
computing the sound speed field used in ray path 
1.11 For determining C(R,Z) for all possible 
ο πο τος 1 Surations, the following expression is 


applied (see Figure B2): 


C(R,Z) = ον +/- Sr (R-Ry) T Sz (Zy-2) 


ο 


where 
gs 7 Co-C,. , is the sound, speed yradient im the 
Z; TM 
Z-direction 
£p = C,-C, , is the sound speed gradient in the R 
Ry -Rs 
direction 
and Cy = C1 + കൂ (Zy-Z1) 


Zy = vertex point depth 


Cy = vertex point sound speed 
21:01 = upper point of open triangle side 
LoyCo = lower point of ഇടേ 
Ry = range of vertex point 
RS. s range of open side o£ ¿uri m m 
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3 3 , 

profile A profile B 
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Figure 51. Triangular Sector Description (after Watson, McGirr 
| 1975) 
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Figure BZ. Typical Triangle with Generalized Labels 


(after Watson and iicGirr, 1975) 
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APPENDIX C 


SAMPLE SSP INTERPOLATIONS 


Enclosed are samples of interpolated sound speed 


profiles generated by CFIELD. 
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APPENDIX D 


TL DIFFERENCE AND GRAYSCALE PLOTTING METHODS 


Because an IFDPE output file occupies a tremendous 
ειν... ο: computer storage space, the output file is 
converted to a binary file. This reduces the space 
needed in the computer to store the information but it 
E unreadable in" this form as far as the user is 
concerned. Therefore, the output Binary fie is 
processed to create grayscale and TL difference plots 
which are more readily usable than a binary file. 

The programs used to generate grayscale and TL 
difference plots are: 

1) PREGRAY 
2) TLDIF 
3) GRAYTL 

PREGRAY carries out the  preprocessing required to 
create a grayscale/TL difference plot from an IFDPE 
ου τς The complex pressures calculated at user 
specified ranges and depths are averaged over an 
incremental range and depth to fit the restrictions of 
plotting grayscale/TL difference (only a 35300 X 400 
matrik" of points is allowed). Those averaged values 
are then converted to transmisssion loss values and 
placed in another file to be called up when needed by 


puc NM Ὁ Program in creating these graphs. 
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TLDIF is different from PREGRAY in that it 
determines the difference in transmission loss values 
between two different IFDPE output files. 1 1 111711 
values being differenced are greater than 105 dB, the 
difference is set to a very small number, since jl 
would not be very significant. 

Both PREGRAY and TLDIF supply the necessary axes in 
range and depth for grayscale/TL difference plotting as 
well as the bathymetry curves (from the IFDPE input 
files which includes the bathymetrios profile 1: 
SSP along the track) for grayscale/TL difference 
plotting by using calls tera DISPLAMTi brary 

GRAYTL uses the TL values calculated Cron ρα. 
or TLDIF and calculates a level of gray to represent 
each of those values. The user inputs a min anges 
value and the grayscale plot graphs only that range of 


values. 
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APPENDIX E 


TL DIFFERENCE GRAPHS 


Enclosed are the TL difference graphs used for 


qualitative analysis in this report. 
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